WO 03/ 029448 PCT/ KRO2/ 01831 RECOVBI NANT ADENOVI RUS W TH ENHANCED
THERAPEUTI C EFFECT AND PHARVACEUTI CAL COVPCSI TI ON COVPRI SI NG SAI D

RECOVBI NAND 0ADEN@/| RUS 5 TECHNI CAL FI ELD The present i nveatuikro2nedsat es, in
general, to a reconbi nant adenovirus with inproved therapeutic efficacy,
and nore particularly, to a reconbi nant adenovirus prepared by introducing
a ligand responsible for infection of vesicular stomatitis virus (VSV)
Jinto adenovirus. Also, the present invention is concerned with a 10
pharmaceutical conposition conprising such a reconbi nant adenovi rus.
BACKGROUND RETONMBINABGEADENMVIR U$ WEITHD EBH AN CED'THERW REUDICOEPERC T
consi der abl e advance has been nade in devel opnent of therapeutic agents
for various cancAND BHARWMASIEUTIGAIa COMPOSITION SEEMBRISING 8AGDDI nant DNA
technol ogi es. Al so, since gene therapy 15 was first attenpted clinically in
1990, studies on delivery s)RECOMBINANEAIPBNONVIRUfeneti c material s have
been carried out. Anong clinical gene therapies, about 60% focus on
treating cancers, and various vectors based on human or non-human viruses
have been devel oped as vehicles to transfer therapeutic genes into target
cells, in which adenovirus with many advantages as a gene transfer vehicle
is attractive as_a substitute 20 for retroviruses. For practical use of
gene t%eragﬁqlﬂNépiAﬁiEmLpi elds, first of all, gene transfer vehicles
capabl e of safely and effectively delivering therapeutic genes to targeted
1 WD 03/029448 PCT/ KRO2/ 01831 regions should be devel oped. The potenti al

of reconbi nant adenovirus.as a gen transfer .vehicle,was, reported i.n 1984
by Graham F. L. ‘}g@’é‘#&m H?—’.emll_.r?rell:‘?%ﬁonﬁ .g,eneriﬂ.” 39 frresgpbina b@%;afmgfsnggﬂt he

first cli ”'ir%&'ovéé 'tﬁlelzraﬁ)efuti%eer}‘ta’lcattc@,eraﬁﬁ) Ymdrd &%@Lﬁﬁﬁﬂeto a recombinant adenovirus
prepared by introducing a ligand responsible for infection of vesicular stomatitis virus

(VSV) into adenovirus.  Also, the present invention is concerned with a

10 pharmaceutical composition comprising such a recombinant adenovirus.
BACKGROUND ART

With recent rapid developments in molecular biology, considerable advance
has been made in development of therapeutic agents for various cancers and other
intractable diseases using recombinant DNA technologies. Also, since gene therapy

15 was first attempted clinically in 1990, studies on delivery systems of therapeutic
genetic materials have been carried out. Among clinical gene therapies, about 60%
focus on treating cancers, and various vectors based on human or non-human viruses
have been developed as vehicles to transfer therapeutic genes into target cells, in which
adenovirus with many advantages as a gene transfer vehicle is attractive as a substitute

20 for retroviruses,

For practical use of gene therapy in clinical fields, first of all, gene transfer

vehicles capable of safely and effectively delivering therapeutic genes to targeted



deam nase (ADA)-deficient patients in 1990, active research into gene
therapy was 5 perforned until the m d-1990s, in which expression of a

speci fi c woerva/oesgs i nduced in target cells using replicatipemACRIRACE3IVe
reconbi nant adenoviral vectors constructed by inserting the specific gene
thereinto. Such research was pronoted by the fact that adenovirus has many
benefits as a gene transfer vehicle, in terns of being excellent in
transferring exogenous genes into a variety of cell types regardl ess of

cel | cycl eregioat ahofild e davejeiedcelThs poeasinl yf pécotibinany ddedvidus tagra sehidls,
bei ng capable of being |yophilized and thus structurally stable, and being
easi | y f ortmanster egthioht wapheportedeint 19841 byp Gegdmngth. ds(Graah, FPL., &MBO. J., FASEB
J., 11:615-622, 19973. However, adenovirus has several significant problens
i n nedi at i Hg9ye?®2, t Y9843 eBince nibk uliish glinicel twdlaof \gehy thérepy -ib eadenesipe essi on
of foreign genes and the 15 induction of strong i nmune response to viral
protei ns atraminase A edelicient arafignts o 199@yr ecbive resparchping|zens thevapyi was
efforts to nodify structure of adenovirus have been  made. For exanple, it
was repor t Regfoppe&unidyibe andcioo0s ingduch erpression elgssperifigsgenp msd irdiigedyn
removi ng all adenoviral coding sequences i.s advantageous in ternms of being
capabl e of et PSSRt iaPtigRiiosdedectiyr reeomphigant gdpaayirah¥eqiats congirysted by
produci ng 20 viral proteins apd thus pot inducing inmune response in host
el l's ( KocRanitne Tas Shepitl Bencilireintie aipchoispeardy Wb promotd. by BSpct Wk oan
Pat . Publication . .1999- 22941 di scl os an.adenqvi rus.,vect or -haying no
over | ap.w e P RS ieBRat i g HeBF haRTR e AR S asRe eIl dhes

sel f-repli } il | 8. i idated, . .t hus

vl di ng 1 SEPinE ke i EFARRD b ot o B R SUSERREIPOE st e
adengoyiru : il L Y, e { vered
Tt old boditnrins eakipiofubhe SRLIE: Ryl 3fhe HERARYWhe FRMMKERY /2 oo
clinical cgpe fy SRR BetHoAd L8y RymhBA0A R Ahhr AL RO 2 VO
03/ 029448 DCTTRECS OY85T T TRy Rl BT RO ARSI Pltpaliiong [ 1
cancer is (yepaped aySFASEBENAG 11418L620Y1997).

However, adenovirus has several significant problems in mediating gene
transfer, including the relatively short-term expression of foreign genes and the
15 induction of strong immune response to viral proteins and virus-infected cells. To
overcome such problems, various efforts to modify structure of adenovirus have been
made. For example, it was reported by S. Kochaneck in 1996 that gutless virus
produced by removing all adenoviral coding sequences is advantageous in terms of
being capable of carrying maximum 30 kb of foreign genes, as well as not producing
20 viral proteins and thus not inducing immune response in host cells (Kochanek, S., Proc.
Natl. Acad. Sci. 93:5731-5736, 1996). Korean Pat. Publication No. 1999-22941
discloses an adenovirus vector having no overlap with a suitable packaging cell line, in
which adenovirus loses self-replication ability and is incapable of being encapsidated,

thus avoiding interference with the host immune system.
25 Since recombinant adenovirus was known to be effective in gene therapy and
easily delivered into a body owing to being produced in high titer and easily

concentrated, clinical cancer gene therapy mediated by recombinant adenovirus has
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medi at ed by reconbi nant adenovirus, since prolonged and continuous
expression of therapeutic genes is not required, and host inmune response
i nduced bwyowsmes4®r viral proteins is not essential and ®am/KRY2/01831
advant ageous in sonme cases, adenovirus becone 5 attractive as a gene
transfer vehicle for cancer therapy (Pallard, F. Hum Gene Ther.,
9:283-286, 1998). Most reconbi nant adenoviruses for cancer therapy, which
carry a single therapeutic gene, are gene transfer systens first used in
cancer genepidheinampsed Methe ntabtyfiveféars.t sWhaw eatpers treaied vsingrgsne ecrapy
therapeutic efficacy of gene therapy 10 through sinultaneous expression of
two t her apeediated dyresorabinenti adgnpyiseseisinse wirolongedi drfde e@RIMUPYH €XPTESHON PhL her

t han expression of one gene, or adenovirus-nedi ated gene_ _therapy in

conbi nat i dhemapeuticagnenisstot aequingd.ondalinst irriee respeise dndiced b e 39l whi ch
have been commonly used for cancer therapy (Roth, J. A et al,, J. Nat.
Cancer | nsproteirggs 20t gspentidornyl capche advanigBeous iBSEREs 98535, AGOVIYS e

di scl oses a nethod of 15 treating cancer using rec i nant adenovirus
har bo? i ng aHectys s gegf@e trasirR, VERCIealoB Cangsr Hisraby (baerds ?egﬁ{m- ?f?“ﬁﬁf@ﬁa t he
reconbi nant aden virgi does not produce replication- conpetent viral
particles %Ae5-£Pd 9%d pl ays effective antitunor activity. However, it has

b ted t h | jcation-i t ent .ad . 1
nduce. ant i CunorI8g ISPEGTRRL GAP PR, TRPRC Bt Be  Loh, S AR
20 nmb f di Ll s. Theref \ j t
denovi r usREHBHIY B acien et moEt Rl frdgRel, B TG bercSRRER T,

several tigesngfiEond BAUCLRG, Gfildk Ubafnk SVE HelapoR cltldaby 1%kl Shihppi cal

applicatio S ercofe su pro , avariety S have been

”adelgok?fﬁféh%%t Qinﬂﬁ{gféé;(%uﬁge,@%gﬁgﬂi §fifvo GRRARAC 0é2en§§ |eﬁ€6diﬂ%'p)‘ot6ﬁ@| Wt i ng

in an unor since the McCorm ck 25 research group reported

(11520) e R B e ol 2ot vely repl i catda and
ignduces CYHRINFB coRbhHIR waB hliidiaedion ®f batitainuonaiens®? ridieihsmpy Grhieh al .,

have been commonly used for cancer therapy (Roth, J.A. et al., J. Nat. Cancer Ins.,

89:21-39, 1997). For example, Korean Pat. No. 1997-5206 discloses a method of

15 treating cancer using recombinant adenovirus harboring the p33 gene, known to have

an antitumor effect, in which the recombinant adenovirus does not produce replication-

competent viral particles and thus displays effective antitumor activity.

However, it has been reported that such replication-incompetent adenoviral

vectors can induce antitumor activity in only primary infected cells or a very small

20 number of surrounding cells. Therefore, a great number of recombinant adenovirus

should be administered at once or administered repeatedly over several times, thus

inducing cellular immunity and limiting its clinical applications. To overcome such

problems, a variety of efforts have been made to develop a modified adenovirus

capable of selectively replicating in and killing tumor cells, since the McCormick

25 research group reported a recombinant adenovirus. The E1B 55 kDa gene-deleted

adenovirus ONYX-015 (d11520), which was developed by McCormick, selectively

replicates and induces cytolysis in tumor cells lacking functional p53 (Heise, C. et al.,
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WD 03/ 029448 PCT/ KR02/01831 Nature Med., 3:639-645, 1997). In clinical
trials for the treatnent of head and neck cancer, the reconbi nant

adenovi r Wwo@BN294@8.5 showed excel | ent therapeutic efficacyPCTHRORIoes3m0r €,
anot her type reconbi nant adenovirus prepared by inserting a cancer-'
specific gene-regulatory region into El region was devel oped, in which
viral 5 proliferation is induced in a cancer tissue-specific manner. Al so,
antitunmor effect and safety of a reconbi nant adenoviral vector can be

i mproved Ktuk\WRAL i306B9t6%S, hegPes In slinjphlendalsi forithet tgatineitnet head asé neetSV- TK)
gene or CD gene into the El region, and thus the reconbi nant adenovirus

| oses it Scapcel, tHearadmisinantadendvizns (N ¥3EGG showadl excdllent theRipeuticcefficacy.

15: 866- 870, 1997). In this regard, adenovirus-nedi ated gene therapy can be
10 cli ni cRithermpye, iaedthendigre wegoinbinent adenoisespapsred) by jaseriing, PaﬁaﬂCthe
reconbi nant adenovirus with tunmor cell-specific CytOtOXIC ef f ect

denonst r asedifico ghee-regplatoryf fegean vitoj K 1c2egiay Svass slskelape i (hich) 1 ons in
t he p53 gene, such as_brain cancer, which is resi ant t O preyious

chenbt her gmhéegatmn ip anfluged Bna ?%P%WSB%'SP@SI@%@WY S@t a%tmeor ‘?ﬁ'ié?d Res.

59: 3411- 3416 1999). However, nistrati n of g %’h

adenovi r usafety ﬁreamon?mqnﬁnafi@wvw VELoR §3% ?t‘Vme"ﬁ & H’é? ﬁ %fhe@ﬁﬁanci ng

2 i St v B BT e Koo (1S <t ONguRo P peeshi oo S8 HECHLE PR 1
(Tomka, RIS 16 regpimeiin) Borgi s e A BeuE £685) NoKper
:Cielt e QXE@géﬁ ilé SRR DT o B B Ay PRl Ben B an B0 0l

yg’ﬁgocyt eﬁ%%ﬂ §§1¥éd€ Smd Pl\fgﬁpﬁg Yei %@Qﬂ@geslna?%ﬁ:ﬁfﬁ? kWTREcHihae Wher e

vi ru§t gene trans iciency is relatively low. Recent

clinical {gin) ﬁ%seld\ﬁ{hnﬂnﬁéjrewl" eHﬁicaéytétogf%n@fféi:@|Wa\éeﬂé‘rn81@d®ﬂa€3detod6éﬂ?ﬁt&&r at ed

t hat poor gene I'tvery 1nto 25 several tunor cells is attributed to |ack

of expresgad.{/aRy Q:Qnéé?? a&ééeﬁfedcﬁitﬂl $nutdtibns 36 dhd &N getid) Sutle a9 BRIim asmicer,
adenovi rus can i nfect nornal s with relatively high

which is resistant to previous chemotheraples or radiation therapies (Shinoura, N. et al.,

Cancer Res. 59:3411-3416, 1999). However, administration of a high titer of

15 adenovirus to brain is limited by its toxicity. Thus, methods of enhancing gene

delivery efficiency should be developed in order to reduce the administration amount of
adenovirus.

Adenovirus infects host cells mainly through coxsackievirus and adenovirus

receptor (CAR) on the host cells (Tomko, R.P. et al., Proc. Natl. Sci. USA 94:3352-

20 3356, 1997). Most cells in the host typically express sufficient amount of CAR, but

no or little expression of CAR is found in muscle cells in matured bone tissues,

lymphocytes, fibrocytes, pulmonary macrophages and some tumor cells, where

adenovirus-mediated gene transfer efficiency is relatively low. Recent clinical trials

using adenovirus as a gene delivery vehicle demonstrated that poor gene delivery into

25 several tumor cells is attributed to lack of expressed CAR on the tumor cells. In

addition, the recombinant adenovirus can infect normal cells with relatively high

expression of CAR rather than target cells (tumor cells) with a low CAR level, resulting
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expression of CAR rather than target cells (tunor cells) with a | ow CAR
| evel, resulting 4 WO 03/029448 PCT/ KR02/01831 in reduction of its
i nfecti orwpaB®294m¢ 0 tunor cells. To overcone such | ow tralSTIRZOM3I1
efficiency and |l ack of specificity for target cells by the reconbi nant
adenovirus, there is a need for devel opnent of high-titer adenovirus.
However, the high-titer adenoviral vectors can have increased toxicity and
i nduce i mmune response in the host, thus 5 threatening safe and effective
clinical paRrdedtiohhdivpyfecitreratk Ranwant aghs dfo owronk sechtloadsmedictian
vectors in gene therapy owng to the above reasons can be overcone through
i nf ect i onefficicadeaal/lack of specificityrfgetaraetedlls by tharecoakinantalseadas: theweriser .
Ef fecti ve gene transfer on eﬁiithgrnal cell was found when adenovirus type
2 fiber praeel foridsvelophanedf highHitethadenafirusde Howerers the bighiter ssjeseyirah 10
chinmeric adenovirus prepared by replacing the knob domain of adenqvirus
type 5 wi vértorspenKinyl ineeased tKiciyeandvindice SnBYRS JpSIENGRE dienpestt fed to
effectively infect bone marrow cells not easily infected with adenovirus
type55. Wiikatenine spfe gnd gffeqtivg shpisal capepa thersiyr oducti on of a pol yl ysi ne noti f
or Arg-Gy-Asp (RAD)-containi eptide notif at the C-termnal.region of
adenovirus fibe hepii’éﬁ‘g‘faﬁtaéﬁ egegcgag‘ﬁamaﬁ?}?%l ‘é??i‘?f? 1 19 tseri%y ?‘8’&1&3% ze
alternative receptors, cell surface receptors pnecluding. hepari t he
integrin Hecabapt GrsONSEaR ﬁ@v?r(‘io@ﬁ@l@ HecHRe 8%?(%618“5?&3“?%%%6]? geslﬁ? ckham
T. J. J. rol., 71:8221- 822 997). In i ti h al .,
reported 'mtdFBWéﬁﬂéPPlg}?r‘ef Effgétgﬁ n%#ansgegg)goeyﬂﬁﬁréﬁﬁé gﬁﬁ %gﬁ%@é‘?&d by
inserting a targefin u I Z4 gn7bi peliong a
t ar get ceﬁﬁﬁgﬁg%?%@%g%ggébﬁg%%ﬁﬁfgﬁkﬁ%ihﬁﬁﬁg%aa% Pﬁgﬁgﬁgﬂovirus 1 ber 20
(Kransnykhy: Vo i chB8fs k8o dorhd2& 1 a¥eRdVifa typé 5 Ghthal .,

e chinfie b broptiecoy ot Ale KRG domafiCer HERSVIRS o

Hum™ "Gene. er. Shi noura, N et ., Cancer Res.

59: 3411- 3?#%01}0%?%6 hin o Yikus S%B%?Pﬁmhid SRR Wes BffetiveRUifecChappt f or

i nprovene transducti on I ci ency of adenovirus, and there are
still ef f QuhSw GelREHR!RRLAIABLEPHiR adbmiirasyRgs. t Wackhaas dUuct J. eepeteli ci ency

of adenovirus.

that introduction of a polylysine motif or Arg-Gly-Asp (RGD)-containing peptide motif
at the C-terminal region of adenovirus fiber protein allows adenovirus to specifically

15 recognize alternative receptors, cell surface receptors including heparin and the integrin
receptor, leading to successful infection of the virus (Wickham, T. J. J. Virol., 71:8221-
8229, 1997). In addition, Kransnykh, V. et al., reported that transduction efficiency of
adenovirus can be increased by inserting a targeting group capable of recognizing and
then binding a target cell-specific receptor into the HI loop of the adenovirus fiber

20 (Kransnykh, V. et al., J. Viro., 72:1884-1852, 1998; Yoshida, Y. et al., Hum. Gene.
Ther. 9:2503-2515, 1998; and Shinoura, N. et al., Cancer Res. 59:3411-3416, 1999).
However, such modifications were not sufficient for improvement of the transduction
efficiency of adenovirus, and there are still efforts to develop a method of increasing
the trasduction efficiency of adenovirus.

25 A plurality of patents and papers are referred and cited herein. ~ All references

cited herein are incorporated herein by reference in their entireties, and the current state



25 A plurality of patents and papers are referred and cited herein. A
references cited herein are incorporated herein by reference in their
entireti ewp oafebsihe current state 5 WO 03/029448 PCT/ KROPCOASB2/0183 t he
conventional techniques in the art and the features of the present
invention will be nore clearly understood with the cited references.

DI SCLOSURE OF THE | NVENTI ON Leading to the present invention, the intensive
and t horou Q%research into .5 reconbi nant adenovirus with inproved

t her apeut iog PRy a&é‘ﬁ’@l&%ﬁﬂéﬂﬂb@w@ﬁ@n&t@g &atures af thetesent inventianewili n t he

finding that a recagnbi nant adepovirus cqonprising a protein containing a
VSV- G epitgﬂ@FeﬁﬁaﬂﬁuP aﬁ?@gﬂwgﬂﬁﬁ9nﬂh@§%ﬁﬁﬁﬁng the protein into an
adenovirus, has inproved transduction efficiency and thus enhanced
therapeutic effect 1in adenovirus-based gene therapy, especially increasing

t unor cel 'D]?d]ﬂb@@lﬂi Eﬁc#ﬁISN";EHZ[&mw rus, which is achieved in a

CAR- i ndependent nmanner. re, an object of the present
i nvention provides a reconbi nant adenovirus with inproved therapeutic

efficacy for various diseases, including inproved tunor cell-killing
effect. It is anQ ' t.dnvent i rovides a .

phar naceut i cal 15%%%%2‘3?% S%BEE%??élﬁﬁggtlﬁﬂeeﬂ%ﬁgggkﬁgﬁlﬁgrr? el SSRGS ABe. 1 n an
aspecg of réddmtiRhASA0EndVINE WitPih el o |

adenovir usf conpri si ngn alpr otlei n pg%‘{ﬁ%iat?ﬁ#a SLH{';IC %?g\g/g%’ gg%‘ﬁ%%@d&?‘?&’éﬁeﬁ om

vesi cul ar inwheBtfebiledvintHe ,ﬁn\dﬁh'gQHatr@fecbﬁi%ﬁﬁ?Qdéﬂ%@frﬁ@.@&hfgﬁsiﬁép&i CaEH | N
anot her aspect of the present invention, there is provided a rmaceuti cal

20 conposicbntainin® BV V@ Gpitopy, whichas ppesakddcBY | itredifcaft et Mo O 2
reconmbi nant adenovirus conprising a protein containing a VSV-G epitope

derived f mdenowésischalsamprotedtrnbductoy effictencandd (h)s enhpicd TRGSutis el
acceptable carrier. 6
in adenovirus-based gene therapy, especially increasing tumor cell-killing effect of
10 adenovirus, which is achieved in a CAR-independent manner.

It is, therefore, an object of the present invention provides a recombinant
adenovirus with improved therapeutic efficacy for various diseases, including improved
tumor cell-killing effect.

It is another object of the present invention provides a pharmaceutical

15 composition comprising the recombinant adenovirus.

In an aspect of the present invention, there is provided a recombinant
adenovirus comprising a protein containing a VSV-G epitope derived from vesicular
stomatitis virus, which has improved therapeutic efficacy.

In another aspect of the present invention, there is provided a pharmaceutical

20 composition comprising: (&) a therapeutically effective amount of a recombinant

adenovirus comprising a protein containing a VSV-G epitope derived from vesicular

stomatitis virus; and (b) a pharmaceutically acceptable carrier.



WD 03/ 029448 PCT/ KR02/ 01831 BRI EF DESCRI PTI ON OF THE DRAW NGS The above
and ot her objects, features and other advantages of the present invention
will be mope3okeas|y understood fromthe foll ow ng detail @edTdeRenigsti on
taken in conjunction with the acconpanying drawings, in which: 5 Fig. 1 is
a schematic representation of the C-term nus of adenovirus fiber protein
to which the VSV-G epitope is attached through a glycine linker; Fig. 2 is
a schemati e i of a retargeting infection pathway of a

r econbi namgﬁpﬁe@tﬁl}l@@% WINGBesent invention carrying a
VSV- G epitope ;[?lto a target cell; 10 Fig. 3 shows a schematic
representation orCt3PeVE R AR 1qRireteffepthEes dnsk othsT advantagee wé\the psesent

YCl - Ad- VS LIyl a VSV- G epitope gene and a _ process for preparing the
r econbi naﬁ?"%@gﬁg‘b’ﬂ?% I{l?l‘iﬁo“gféaﬁg'hli rﬁg%@?"‘mﬂ &% follavapg gletailed desaripficnms  a
schematic r: I: he constr.uction of .the, 15 reconbi nant
adenovi rustgﬁglég}%ﬂﬁa@ {1%@%{1\}\1}%%08W1@ Flfad%m%s’inﬁgg orated into the

carb term nug; pfq t i . i r ss.for prepar.ing_the

r eco%%/nant adghégvll r#Shug SIC érhg%lg?ﬁfeﬁ%%g 8€§€§%rt§eco Y lrl?i‘g][uiso‘?fl;o a‘%ﬁ@‘.’m@ ﬁgera

phot ogr aplhsiamoneh BT NS boitd is SRS PRE A0 L ATES iGNt @i ned in EL

gene contained in the reconbl nant adenovi rus 50 Fig. 6 is a
phot ogr aph showrng 23isr £ §éHebnafit Gtopnd ' 9(@% n a SV- G
epitope into the{gi ber of the rrelgfgsr%ll nant&;%géﬁt%{%%ﬁ{ig "5"2%1?%@\?@/ iag. 7a

is a phota st lengvit (Y] t
i phot agéoaghin &vituICY ERAROVITTE ot f&@fz%m ?ﬁe&gﬁb@?gﬁfy% d Q%X-G

reconbi nant adenovi rus dl 324-LacZ-VSVG to 3 ce
phot ogr aplepibmaintga targétedded gene transfer efficiency of the 25
reconbi nant adenovirus d1324-LacZ-VSVG to Ul18MG cells; Fig. 7c is a

photldgr aph showFizg B nehwes ed sghtinatic avpfeséntetidn cifemey Rhsti®ion of the
recombinant adenovirus YCI-Ad-VSVG carrying a VSV-G epitope gene and a
process for preparing the recombinant adenovirus through homologous
recombination;
Fig. 4 shows a schematic representation of the construction of the
15 recombinant adenovirus d1324-LacZ-VSVG with a VSV-G ligand incorporated into
the carboxy terminus of the fiber protein and a process for preparing the recombinant
adenovirus through homologous recombination;
Fig. 5 is a photograph showing PCR products for open reading frames
contained in E1 gene contained in the recombinant adenovirus YCI-Ad-VSVG;
20 Fig. 6 is a photograph showing a result of PCR to confirm incorporation of a
VSV-G epitope into the fiber 6f the recombinant adenovirus YCI-Ad-VSVG;
Fig. 7a is a photograph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U343 cells;

Fig. 7b is a photograph showing increased gene transfer efficiency of the

25 recombinant adenovirus d1324-LacZ-VSVG to U118MG cells;

Fig. 7c is a photograph showing increased gene transfer efficiency of the

recombinant adenovirus d1324-LacZ-VSVG to U251N cells;

7



reconbi nant adenovirus d1324-LacZ-VSVG to U25 IN cells; 7 WO 03/029448
PCT/ KRO2/ 01831 Fig. 7d is a photograph showi ng i ncreased gene transfer
ef fi ci encywowB/oedaes reconbi nant adenovirus dl 324- LacZ- VSVGPCa/KIBZMB3tel | s;
Fig. 7e is a photograph show ng increased gene transfer efficiency of the
reconmbi nant adenovirus d1324-LacZ-VSVG to CHO K1 cells; 5 Fig. 7f is a
phot ogr aph showi ng i ncreased gene transfer efficiency of the reconbinant
adenovirus dl1324-LacZ-VSVG to Lec2 cells; Fig. 7g is a photograph show ng
i ncreased gene Wignad éy agfhbtographc shafing hacreasedogdmie neansfeaduficiensyusf the
d1324-LacZ-VSVG to MCF-7 cells; Fig. 7h is a photograph show ng increased
gene tr anskeesmbinbitcadencyirusfdlideLaddy ViSaKo b UBAMG eellsnovi r us dl 324- LacZ- VSVG
to Pro5 cells; Fig. 8a is a graph show ng increased gene transfer

ef ficiency of tHhég Tedoatrhetagranhdeiniing uscigasdigangcranyBycetiipionsnof ¢l | s;
Fig. 8b is a graph show ng increased gene transfer efficiency of the

r econbi nantcedbiigs edegodnsal3aback/ S9N ¢ o OB L @l s; 15 Fig. 8c is a

graph_show ng ingreased gene transfer, efficiency of th reconbi nan
adeno¥i rus dl 324Ug.aé713/a\prBot0gr S}QWIB%IIP%TFa&l@nge“SoFW@F% “gfﬁ‘élﬁﬁcys Hg\ﬂt‘“’ng

1324, Laceaneeg wmre FLEL R O LR "Chowi ng | ner eased gene
GO KL cell st - FIE B it @ holfeyil SROUP RGPy andds WaRet SaREREr ol i oncy
ar aph shovickg P REPLaCeVaR Lo P BAEE SRR MRl F T he " ecombi pant 0
AUEROVIRUS dlszﬂﬁ‘ié.agl?iy %Vlgﬁotté)gr%ﬂ: éﬁov@ﬁ%l ficreased gene transfer efficiency of the
10 recombinant adenovirus d1324-LacZ-VSVG to Pro5 cells;
Fig. 8a is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U343 cells;
Fig. 8b is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U118MG cells;
15 Fig. 8c is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to U251N cells;
Fig. 8d is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to US7MG cells;
Fig. 8e is a graph showing increased gene transfer efficiency of the
20 recombinant adenovirus d1324-LacZ-VSVG to CHO-K1 cells;
Fig. 8f is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to Lec2 cells;
Fig. 8g is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to MCF-7 cells;
25 Fig. 8h is a graph showing increased gene transfer efficiency of the
recombinant adenovirus d1324-LacZ-VSVG to Pro5 cells;

Fig. 9a is a photograph showing increased tumor cell-killing effect of the
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25 Fig. 8h is a graph showi ng increased gene transfer efficiency of the

reconbi nant adenovirus d1324-LacZ-VSVG to Pro5 cells; Fig. 9ais a

phot ogr apWogbho4mgy | ncreased tunor cell-killing effect of PCH&KR3/0V3

03/ 029448 PCT/ KR02/ 01831 reconbi nant adenovirus YCl - Ad- VSVG on Hep3B cells

through cell lesion analysis, wherein 1= AEl, 2= YKL-1, and 3=

YCl - Ad-VSVG Fig. 9b is a photograph showi ng increased tunor cell-killing

effect of the reconbinant adenovirus YCl -Ad-VSVG on C33A cells through

cel | | esi opcanbihysi &lenoGruseCeAd-YSVARIn Hep3BKkeld through &1 Ngbn AdalySvG, Fi g.

9c is a photograph show ng increased tunor cell-killing effect of the

r econmbi nanwheaeiansvAE UL=YYKLAG-anéV6 YEl-As4¥SYetl s t hrough cel | | esion

anal ysis, wherein 1= AEl, 2= YKL-1, and 3= YCI-Ad-VSVG_ Fig. 9d is a

phot ogr aph showfigy Imisr & abewetaphoshovdng ingreased gumpr eell-kilfing resfect of the

reconbi nant adenovi rus YCl - Ad-VSVG on UB7MG cel |l s through cell |esion

anal ysi s, reegiabiapf adengyinus YCI-(dVEVG AR @13 Aresllspdranshcselidegion gaalysisg

phot ograph showi hg increased tunor cell-killing effect of the reconbinant

adenﬁi r usWhRB?mAdi%V(g:o‘ﬁKﬁeblanggﬁ%&‘I‘ﬁdoﬁéw(%el | lesion analysis, wherein

1= AEl, 2= YKL-], d.3= YCl -Ad;VSVG. 15 Fig. .9f is not ogr, oW ng

noreased tumor PBIIC i § PRAGEBPRoTOwRE dreed dumbr (aNRIZaEHSHRT of 1o

YCl - Ad- VSVG on, .U251- N cel | ro | | ] 0 al ysi s wherein 1= AE1,

2 VL1, T R e e TRt Y8y b USH SRR G e RS BBt e

tunmor cel |l -Killing,gffec f,the . respnbi .adenovi rus YCl - Ad- VSVG on

Hep& cel I‘gh?ﬁw&u_g%ﬁi@eﬁlc{q{ élf’c?ﬁgzi?'na‘?§gir‘%, %%’V\herei n 1= AE1, 2= YKL-1, and

3= YO - Ad- VSVG, ki i t : j L NCr eas

cel 1-ki 11 ng of P do?é_q? ﬁé"%"ﬁ’%ﬁ?’ﬁ*ﬁﬁ NP SRR SR of Wi

cel 1§ t hr qugiinbighht dRAGARSAGI-XALVSVG on USTMG cells through cell lesion analysis,
wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 9e is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on Hepl cells through cell lesion analysis,
wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

15 Fig. 9f is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on U251-N cells through cell lesion analysis,
wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 9g is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on HepG2 cells through cell lesion analysis,

20 wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 9h is a photograph showing increased tumor cell-killing effect of the
recombinant adenovirus YCI-Ad-VSVG on MCF-7 cells through cell lesion analysis,
wherein 1= AE1, 2= YKL-1, and 3= YCI-Ad-VSVG;

Fig. 10 is a schematic representation of a characteristic part of the

25 construction of the recombinant adenovirus YKL-1;

Fig. 11 is a schematic representation of a characteristic part of the

construction of each of E1B-mutated adenoviruses Ad-AE1B19, Ad-AEIB55 and Ad-
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wherein 1= AEl, 2= YKL-I1, and 3= YCI-Ad-VSVG Fig. 10 is a schematic
representation of a characteristic part of the 25 construction of the
reconbi nawo oagizaes/i rus YKL-1; Fig. 11 is a schematic repr @SEKRziom310f a
characteristic part of the construction of each of El B-nutated

adenovi ruses Ad- AEl B19, Ad- AEl B55 and Ad- 9 WO 03/029448 PCT/ KR02/01831 DE
1 B19/5 5 as well as Ad-SE 1 and Ad-WI; Fig. 12 is a process for
construction of the reconbi nant adenovirus YCl-Ad- VSVG according to the
present i AFABIOMES; askvgl aslBd-AE laangrAadiWEhowi ng a result of an MIT assay
after infecting human 5 brain cancer cell line U251 with 5 MJ of the

r econbi nant adeRigvil2 isa Yicegsdfor YonBuckpy of the fesombipanipdeshoiiny CiAdsul t of
an MIT assay after infecting human brain cancer cell line U343 with 5 MJ
of the redd NG rasnrdagdn the praseny@vepidon;VSVG, 10 Fig. 15 is a graph showing a
result of an MIT assay after infecting human_ovarian cancer cell |ine HelLa
with 10 MO of Fige 18deerasppinphovaasforeswly of voiMAd - assayvefterpingpcting hugmag gr aph
showing a result of an MIT assay. after_infecting human _ breast ncer cell
i e SVCE. Prain 1aanaeoealoling U2 ewith o MO D dBswRIFAY. AdepowEss YET G Fig.
17 is a graph showing inhibitory effect of the reconbi nant adenovirus

YC! - Ad- VSV Y5 t he growm h of Hep3B tunor cells produced in nude nouse; Fig.

Y - Ad-VEVE on e s ogh stisti o eI CReBea T e 2o
Fig. 19 15, 8,90,300 20PIhoVAANRE £ MOPdraRE BlorblRadiCRRABNAR yRdeROVI uS
VSVG;
10 Fig. 15 is a graph showing a result of an MTT assay after infecting human
ovarian cancer cell line HeLa with 10 MOI of the recombinant adenovirus YCI-Ad-
VSVG;
Fig. 16 is a graph showing a result of an MTT assay after infecting human
breast cancer cell line MCF-7 with 100 MOI of the recombinant adenovirus YCI-Ad-
15 VSVG;
Fig. 17 is a graph showing inhibitory effect of the recombinant adenovirus
YCI-Ad-VSVG on the growth of Hep3B tumor cells produced in nude mouse;
Fig. 18 is a graph showing inhibitory effect of the recombinant adenovirus
YCI-Ad-VSVG on the growth of U343 tumor cells produced in nude mouse;
20 Fig. 19 is a graph showing inhibitory effect of the recombinant adenovirus
YCI-Ad-VSVG on the growth of U§7MG cells produced in nude mouse;
Fig. 20 is a graph showing viral titer of the recombinant adenovirus d1324-
LacZ-VSVG after infecting 293 cells with 10 MOI of the recombinant adenovirus;
and
25 Fig. 21 is a graph showing viral titer of the recombinant adenovirus YCI-Ad-
VSVG after infecting human brain cancer cell line U25IN with 10 MOI of the
recombinant adenovirus.
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YCl - Ad- VSVG on the growt h of U87M5 cells produced in nude nouse; Fig. 20 is
a graph showing viral titer of the reconbi nant adenovirus d1324- LacZ-VSVG
af ter infwotooege4203 cells with 10 MJ of the reconbi nant &denRoziows] and
25 Fig. 21 is a graph showing viral titer of the reconbi nant adenovirus

YCl - Ad- VSVG after infecting human brain cancer cell [ine U251IN with 10 MJ
of the reconbinant adenovirus. 10 WO 03/029448 PCT/ KRO2/01831 BEST MODES
FOR CARRYI NG QUT THE | NVENTI ON The present invention is directed to a
reconbi nant adenovirus conprising a protein containing an epitope derived
fromvesicular stomatitis virus Gprotein (VSV- G, which is prepared by

i ntroduci BESIMEDESH ORI CARRYINGOUTSTHE INVENTIONs useful in the present
i nvention includes adenovirus type 1, type 2, type 3, type 4 and type 5,
and nost preferably, type 5. In addition, all types of adenovirus used in
the present invention may be replication-conpetent or replication-

i nconpet ent . E1Phgemrsentsnkention it clitseted 38 entecabingnt agepoViEat FORPGTING a
adenovirus. Thus, replication-conpetent adenovirus constructed in_the
present i muaeinicontaiong ai ARt denived Aoge Mesicudatonagtitis CAKUS SHrPrgieiB yetVent
adenovirus constructed in the present invention is El1A-deleted or carries
a nut at ed G1whigbrieprepared by srtendueiasing profaie intgade8RYYS: nvent i on, a

Cont & i ng a. VOREBHLG SpRRal WGE PESPTerEn i B HOBH AR o & a AR
ne. L anor {485 SoPine LR CHisgh 8¥4 MasCREEIRB (R 5t ol “Ranan o Opd o KT
R e e R R

W Car G FRcetRon SeSHEGR'l FrdflRCrrSRbahn, baBalge! el

Thus, replication-competent adenovirus constructed in the present invention contains

10 an E1A gene, and replication-incompetent adenovirus constructed in the present
invention is E1A-deleted or carries a mutated E1A gene. In accordance with the
present invention, a replication-competent recombinant adenovirus comprising a
protein containing a VSV-G epitope infects tumor cells at high efficiency in a CAR-
independent manner, replicates in the tumor cells and then eventually kills the tumor
15 cells wiht high efficiency. On the other hand, a replication-incompetent
recombinant adenovirus comprising a protein containing a VSV-G epitope according
to the present invention, which typically carries one or more therapeutic genes, entries
into target cells via CAR-independent infection at high efficiency, and expresses the
therapeutic genes in the target cells, thus allowing treatment of various diseases

20 including cancer, with improved therapeutic efficacy.
Mutation at the tumor suppressor gene p53 is found in about 50% of human
cancers including non-small cell lung cancer, large intestine cancer, breast cancer,
head and neck cancer and ovarian cancer (Brennan J.A. et al., N. Engl. J. Med., 332,
429-435, 1995; Bergh et al., Nature Med., 1, 1029-1034, 1995; and Perkins, AS. and
25 Steern, D.F., Lippincott-Raven, 5th edition, Philadelphia, 79-102, 1997). In addition,
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t herapeutic genes in the target cells, thus allow ng treatnent of various
di seases 20 including cancer, with inproved therapeutic efficacy. Mitation
at the tuworo3segaps essor gene p53 is found in about 50% of PoOMmERV2/0CBMCEr S

i ncluding non-snmall cell lung cancer, large intestine cancer, breast

cancer, head and neck cancer and ovarian cancer (Brennan J.A et al., N
Engl. J. Med., 332, 429-435, 1995; Bergh et al., Nature Md., 1,

1029-1034, 1995; and Perkins, AS. and 25 Steern, D.F., Lippincott-Raven,

Sth edi ti ghmaldhtdiReepaiehi, hafordigZhe JAQﬁﬂt)yﬁe 5B prbkin 653, wasl derl¥Ds@3(e@ 20448
PCT/ KR02/ 01831 in nmany cancer patients harboring the wild-type p53

protein, PSIAGEFate® BPRSLFerbREsibR of BedhD @eid adackl FY. awbs ©apcaskésqrs3pf mdng
gene (Leach F.S. et al., Cancer Res., 53, 2231-2234, 1993; and Marchetti
A. et al.227)-9184, 1993; aRadMiathetti 4. e, Dign. 1ASISPatholnide O8+99n 199); infdvtionn
papilloma virus (Scheffner M et al., Cell., 63, 1129-1136, 1990; and 5
Joseph, Rwith antknVpgpillom®a Kirus L{SehéffimotM: RavbnCelbr d3edil29-dm36,NE2ROYand
301-343, 1996), or other unknown nechanisnms (Chang, F., et al., J. din.
Oncob. , 13seplg0BN.0a®l, VoggoBK., LippidcsticRavemabrd edisionf Ng®3 Yiosk,ad¥lo#43at ed
with the pathogenic states at the termnal stages of human cancers, for
exanmpl e, UA9@yerahtramkneryameshamsnas €rhingsBs¢idl.ahdditaOnepl 1 43pi1083-18%ncer
therapy (Harris, C.C. and Holstein, M, N Engl. J. Med., 10 329,

1318- 1327 199993 Thadungdonal oss I @>3aitdaredttah With ghe pathoggnig staggicd) the 16,
3158- 3168, 1998). El gene, which is one of_ the adenqvirus earlg eaes, i's
an essent faMing ogagss ¢lohUmSp| FALETSo HOb FeXaMBISo IHRIOTa0 Camyrisersd eagaB urality

oL open Lol LTS LpEL MBS L L g ol N R 55 oe
L pRncor S 36060 4k B LR UPr e IBORY ISR
et AL LR KL BTl b o ABEE i, SR sl
L2811 c2t APl BPRAGR o T e cp Py Yor b
including those for E1A, E1B-19 kDa and E1B-55 kDa (Graham F. L. et al., J. Gen.
Virol., 36, 59-72, 1987; and Shenk, T. Lippincott-Raven, 3rd edition, 2111-2148, New
15 York, 1996). The E1A protein, which is a transcriptional factor binding to pRB, p300
and other transcription regulatory proteins, mainly functions to convert the adenovirus-
infected cells to S phase, at which the viral genome is replicated (Shenk, T. Lippincott-
Raven, 3rd edition, 2111-2148, New York, 1996; and éhenk, T. and Flint, S. J., Adv.
Cancer Res., 57, 47-85, 1991). The E1A expression and unpredicted synthesis of
20 exogenous DNA induce the expression and activation of p53 known as a tumor
suppressor gene (Lowe, S.W. and Ruley, H.E., Genes Develop., 7, 535-545, 1993; and
Nakajima T. et al., JBC., 273, 20036-20045, 1998). In contrast, the E1B-55 kDa
protein physically binds to and inactivates the p53 protein (Yew, P.R. and Berk, A.J.,
Nature, 357, 82-85, 1992; and Joseph, R.N. and Vogt, P.K., Lippincott-Raven, 3rd
25 edition, New York, 301-343, 1996). Therefore, using such a functional mechanism of

the E1B-55 kDa protein, wild-type adenovirus can be modified for effective replication

and proliferation in host cells through control of the host cells. Since the binding of
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Cancer Res., 57, 47-85, 1991). The E1A expression and unpredicted synthesis
of 20 exogenous DNA induce the expression and activation of p53 known as a
tunmor sWwWPre®sws gene (Lowe, S.W and Rul ey, H E., GenesPDEuatoo018317,
535-545, 1993; and Nakajima T. et al., JBC., 273, 20036-20045, 1998). In
contrast, the E1B-55 kDa protein physically binds to and inactivates the
p53 protein (Yew, P.R and Berk, A J., Nature, 357, 82-85, 1992; and
Joseph, R N. and Vogt, P.K., Lippincott-Raven, 3rd 25 edition, New York,
301- 343, 1R96)B-BeDafl mrotin watsikdShy AnaadetonifusoBEB gomehignpS3niiibits the E1B- 55
kDa protein, wld-type adenovirus can be nodified for effective replication
and prol i ffeficioh af pIB, Heading ed lisdudiivn ughviegd niroliferaifont érel bosttuatiyl lysis & nce
the binding of 12 WD 03/029448 PCT/ KR02/ 01831 the E1B-55 kDa protein
encoded bynfacted detioy iadesoviELB gedeint sheFBesenthiitvension himclukdan & IByAS dfDp53,

| eading to induction of viral proliferation and eventually lysis of

i nfect ed agbhwiedadendielateds adeadvirus. t hélher d8EnDS | Kerattenwnted clegombin®iiB- 55
kDa- attenuated or del eted adenovirus. The E1B-55 kDa-attenuat ed

r ecorbbi nantle®vide msveloped b Risedtl Jbgt B sesdirown teselgptivaln senlisaigrendo
selectively replicate and _induce cytolysis in p53-deficient cells

i ncl udi ng Thdnse crighits inpidrdeligientedlsindyding most lytmangumor gells(Rigchotizet

373- 376, 1992{5, Such E1B-55 kDa- atgenu t ed_reconhi nant adenovi rg,s is known
to serve & aF@CEetye8rt/d yi99%)-agenehi R1Bwoyi tieRgatet 1EeogLmath s
(Heise C. et al.,.Nature Med., 3, 9: 645, 1997), ~and encouragi.ng data was
150" 0 oB0RE kors te e asb EREdG opbolyinasin: SneBNp 20 T URGiSBnt head

ond neck SCEre (0T, Rl e LB5R o g SRR I TS o
O 20 O FALASE B3 L oS R3F D ALY
S 2 Bl i SUESY USSR PR, MR R et el DS
and E1B-55/kPa pipbeiis with nfetfed 218085 RDAIRLE sbRcBREP d&slichiks 3n Mythbeot i de
cells with p53 mutations and kills the tumor cells (Lee H. et al., Int. J. Cancer
2000;88:454-463; and Kim J. S. et al., J. Korean Cancer Assoc 2000;32(1):200-209).

15 The E1B gene, expressed at the early phase of infection, encodes the E1B-19
kDa and E1B-55 kDa proteins. The E1B-19 kDa protein is encoded by a nucleotide
sequence similar to that of Bcl-2 acting as a potential apoptosis suppressor, and has
similar function to Bel-2 (Chiou S. K. et al., J. Virol 1994;68(10):6553-6566). The
E1B-19 kDa protein is known to inhibit apoptosis mediated by the adenovirus (Ad)

20 E1A protein, as well as by p53 in tumor cells (Debbas M. et al., Genes Dev 1993,
7:546-554; and Han J. et al., Genes Dev 1996, 10:461-477). Also, the functional
similarity between E1B-19 kDa and Bcl-2 is found in that both of them suppress
apoptosis induced by removal of growth factor, radiotherapy or antitumor agents
(Huang D. C., Oncogene 1997, 14:405-414). Therefore, E1B-19 kDa-deficient,

25 replication-competent adenovirus may be also useful for gene therapy. The E1B19
gene-deleted recombinant adenovirus, constructed by the present inventors, was

reported to have excellent tumor cell-killing effect and a spread oncolytic effect to
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sequence simlar to that of Bcl-2 acting as a potential apoptosis
suppressor, and has simlar function to Bcl-2 (Chiou S. K et al., J.
Virol 199M088(0149)¥8 6553-6566). The EI1B-19 kDa protein is Pe®MRORO183nhi bit
apoptosi s nedi ated by the adenovirus (Ad) 20 E1A protein, as well as by p53
in tunor cells (Debbas M et al., CGenes Dev 1993, 7:546-554; and Han J. et
al ., Genes Dev 1996, 10:461-477). Al so, the functional simlarity between
E1B- 19 kDa and Bcl-2 is found in that both of them suppress apoptosis

i nduced bysurrenmiiag tahogcdist fbyfiaduang apepdois bgrary pooliferation unedennyéms-s
(Huang D. C., Oncogene 1997, 14:405-414). Therefore, E1B-19 kDa-deficient,
25 repl i canfeoied coltpdiionl. SagtnrloGanger Geng Therapy2H02sET7 23 -78Granddsim t Beftapy .
The E1B19 gene-del eted reconbi nant adenovirus, constructed by the present
i nvent or s,alwkgncer Bgegardupndol aiment 3@} BHA:50QAbE)- cel | -killing effect and a
spread oncolytic effect to 13 WD 03/029448 PCT/ KRO2/ 01831 . sur.roundi ng,
tumor cells, byl additomgdaneprussrefeylyysedm fegreseat mvenien Relides BBy us-

i nfected | i ) [., ! Ge Th 2002, 9:725-736; d
K 55 8, g Bt o EDaratoiont ARG oat vent 205%. ~99¢5) 506513
addi ti on, adenoyirus prefer.abl used i fﬁ]eisé)r esgnt i{lnventi on_.i ncl s E1B-
5 55 kDa and ELE 36PORERcHtihoRact aRscb ol HeTernt duehfiom rdenatish usetil her

1 f it At ti i £ Ul i .
et on ihifls BeSa® HveplE it s FINRNIUEA oMo oS R S8R irus
grvent ion 1T ) S~ delet e _ rus.
ocn o ERR ket g Gl ABrISAIRELC R BURION Yool SRadP SRSy | |
nigher t halndlfiny BeaRE00Y e URGE Qfaﬁsfanefmwsfaaﬂgelg AgRY SERCSHLD 2

broad spectrumo ypes. rapeutic genes”are ty al ly 1ntroduced
i nt 0; @denayieh MdrRYveBRS N GxrBRids] faeBies 88 SEBEdAl sfcRfrumi bRkell @ppdscat i on.

Various genes encoding proteins having antitunor activity and eventually
degener at i TibrigdiRE g6fds! a¥e typedINGhiREnRYd alth AGe@RAAS by rbpltiAg SHd B1A gabhd1g

factor genes, 'suicide genes and tunor suppressor genes can be
essential for viral replication. Various genes encoding proteins having antitumor
activity and eventually degenerating tumor cells, including cytokine genes,
immunostimulating factor genes, suicide genes and tumor suppressor genes can be
15 introduced into the adenovirus. The suicide genes encode enzymes capable of
conferring to tumor cells sensitivity to chemotherapeutic agents, or of inducing toxic
conditions in tumor cells. The most well-known suicide gene is the herpes simplex
virus-thymidine kinase (HSV-TK) gene (U.S. Pat. Nos. 5,631,236 and 5,601,818).
Cells expressing HSV-TK are susceptible to selective cell death by the nucleoside
20 analog ganciclovir. The tumor suppressor genes encode polypeptides functioning to
inhibit formation of tumor. The tumor suppressor genes are naturally occurring, and
their deletion or inactivation is believed to be a prerequisite for the incidence of tumor.
Examples of the tumor suppressor genes include members of the tumor suppressor gene
INK4 family, which are exemplified by APC, DPC4, NF-1, NF-2, MTS1, WT1,
25 BRCA1, BRCA2, VHL, p53, pl10Rb, pl6 and p2l, and therapeutically effective
fragments thereof (e.g., p56Rb, p94Rb). It will be understood that other known

antitumor genes can be used by those of ordinary skill in the art.
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15 introduced into the adenovirus. The suicide genes encode enzynes capabl e
of conferring to tunor cells sensitivity to chenotherapeutic agents, or of
i nduci ng woxBm294¢ondi tions in tunmor cells. The nost wel |l - PoD#RROISSIde gene
is the herpes sinplex virus-thymdine kinase (HSV-TK) gene (U S. Pat. Nos.
5,631, 236 and 5,601,818). Cells expressing HSV-TK are susceptible to

sel ective cell death by the nucl eoside 20 anal og ganciclovir. The tunor
suppressor genes encode pol ypeptides functioning to inhibit formation of
tunor. The tunoh ®Rdjtpnes variety ef derapeetingnas adelfiyl io treating vegioua dideasehatier

del etion or inactivation is believed to be a prerequisite for the incidence
of tunor. knExanpNes-lofitingeexamypbes of per desapeutjergeves madludie garaybencedde t he
tunor suppressor gene [INK4 famly, which are exenplified by APC, DPC4,

NF- 1, NF- 2ytoMRsd ,(e)gf linte2fer BRTAinteBROAB, iMHIf@fOp%?nn;g 111t9$%x0nﬂ{6m&ﬁ]&‘ﬂ[§121, and
t herapeutically effective fragnents thereof (e.g., gS_GRE@,@ p94Rb) t wil
be under st{ogdlt-Hall-8t Het, Wnbulh-7 and He ihpandeqieny-stimulgting ctors (p-8-hEYs of
ordinary skill in the art. 14 WD 03/029448 PCT/ 2/ 01831 _.In.addition, a
vari diy ofCYhendafetsF Jawiber, faetherappwic ggs iIdr8q5H En¢AUngUSUSIYRE known.

N T8, SAaBLes, oL, LA, e e SR e L RS, pheRdd

i nterferon-y',,'i’nter i.n 8. g. Ié_- II15 ILt-4, %%L_%od'l g'lgog&qall L-10),
and col ony<&dipxapcylar h@e{&%{’&?’o\g‘g ?’eN‘ij ,’ Iéﬁ@) é@ﬁ“gnéeéf FICOMRRATREY. °t he
(tP) or - driskias AT e N ag RARALER oL R ferblfiors RS RAGR dat | val of
Car di | ar,. Medj ci Y . T : . di
ysosomal MearirerhRube pktymssdia M o Bt ipdtpotin RO OB aTREOT O
est e#@ ya:’]:jpg%{)e:ng%léflﬁfp:@q ?demgt(gr@cregdhqglr%evﬁ?ﬁgnélOAéemélﬂyY§PS@ié'ﬁ§e, Wal. bbe | ow

dens ecept or system us 10 prevénting hyperlipidem a

Loceec I AR SOl e 19 e SpnuioiB 202)
cystic fibposise QLEDFBLAES, daaBshRSRamaTake deficiyncyAlIDSa othéreinfictibect i ous
diseases, and malignant and inflammatory diseases are known to be useful as
therapeutic genes, which are obtainable from DNA sequence databanks such as
15 GenBank or EMBL.
The VSV-G epitope, which is a part of the envelope glycoprotein of vesicular
stomatitis virus (VSV-G), is responsible for infection of VSV into a wide variety of
host cells (Ory, D. S. et al., Proc. Natl. Sci. USA, 93:11400-1 1406, 1996). The VSV-
G epitope binds to phosphatidyl serine overexpressed on cell membranes of a broad
20 range of human cells. Therefore, the present invention is characterized by introducing
a protein containing a VSV-G epitope, directly associated with binding to phosphatidyl
serine on cell membranes of human cells, to an adenovirus. The protein containing a
VSV-G epitope comprises an oligopeptide having an amino acid sequence given in
SEQ ID NO 9, and includes a glycoprotein containing the oligopeptide and all
25 derivatives from the glycoprotein.

In accordance with the present invention, the protein containing a VSV-G

epitope is linked to any position of the adenovirus proteins, including the adenovirus
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di seases, and malignant and inflamuatory di seases are known to be useful as
t herapeutic genes, which are obtainable from DNA sequence databanks such as
15 GenBarwOas/0ENBt.. The VSV-G epitope, which is a part of PCKRowed3ope

gl ycoprotein of vesicular stomatitis virus (VSV-G, is responsible for
infection of VSV into a wde variety of host cells (Oy, D. S et al.,
Proc. Natl. Sci. USA, 93:11400-11406, 1996). The VSV- G epitope binds to
phosphati dyl serine overexpressed on cell nenbranes of a broad 20 range of
human cel fger, dRIdnARntdn Rs@r €8 &linolwaaMtanaxoenonb digaret emiteduirdduced
introducing a protein containing a VSV-G epitope, directly associated with
bi ndi ng t pitehRsEhRobMfithe Sibér kipbppentel baseemtthacmaboxf tehrinusm of Bielfherof an
adenovirus. The protein containing a VSV-G epitope conprises an

ol i gopept hdtpotiand (Kirlay) Iasi 2ig JaVirdl.,sERRIE2813i ¥eD)i nThepgbpxy temomus Hid

i ncludes a gl ycoprotein containing the oli gﬂgepti de and all Zg erivatives
from the gleyfibar ptossin, whichatscpresentcé the trost hdistanteBesition AipahthoROdY 9E
protein containing a VSV-G epitope is |inked to any position of tpe
adenavi r uadguowires, ractically yditiaipatescingbiefipg 9fuadenerirggOiQ i @EgHEE receptor

PCT/ KRO2/ 01831 fiber, capsid and pentopn base. .It is known tha}t .fn
exogenous OARyariBhatas, the ¢arbexdissminus joft aber Hotgin s g Brost RERH LR f8iop,
penton base or the carboxy termnus . of the fiber of . adenovi . (Kirby, |.
et al ., Jrecogpigion ofzad bB@ngztSJP@PSPE"%&}l.Sefmeeorbﬁfﬁ[)ﬁ’s‘??bfaéﬁ%g Béngy ‘r&ﬁﬁ‘% fi ber
protein, which is present_at fhe.nost distar oSl 1] t iy of 5
adenovi r ushe ¥ONCEi PHPPS pHRLsiorS 1t %%cof‘f?nﬁef Wmiﬁtge ¥es%r§grﬁ%{}f1:ﬁ%stﬂggp<?§%
primary receptoQr That is,..the ¢ i fo Ptejgn is
Phe oot | GRRBHBIE 8Ty 1bPooRs b AT b Rt G s R o did

serine on cell r.an by .adenpoyi] b t VS _epidnape. showeraf or e,
in ator ddHUE W%‘E%B?IHE%E? e%@%otq&/i %%{r?tld?oﬁ q-&tl%efmgﬂrﬂot \(flif% E.I(::)oatr?tq aining a VSV-G

ePlLOPe | S ibodReht o éif?i);&%ek&%vgvégﬁittﬂ%e@% feirfal BRA oPihetagbibvirandibd0 nor e

pr ef er abl W} erm nus o iber. Figs. 1 and 2 show an
protein.

In a preferred aspect of the present invention, there is provided a recombinant

adenovirus containing a VSV-G epitope derived from vesicular stomatitis virus linked .
15 to the carboxy terminus of the adenovirus fiber protein, which has improved oncolytic
effect.

The introduction of the protein containing a VSV-G epitope into adenovirus
may be achieved using conventional techniques known in the art. Various approaches
to CAR-independent infection of adenovirus have been attempted, and such alternative

20 infection can be achieved by both genetic and immunologic methods.  The
immunologic retargeting strategy is based on conjugates, in which adenovirus is
conjugated with targeting molecules. Such a method requires a multi-component
system. The genetic strategy includes modification of viral structures using genetic
engineering techniques, which is relatively advantageous in terms of requiring only a

25 single-component system.

As an example of the conjugate-based strategy to develop a targeted

adenovirus infecting cells via an alternative pathway, the surface of adenoviral vectors
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enbodi ment of |inkage of a VSV-G epitope to the termnal end of the
adenovirus fiber protein. In a preferred aspect of the present invention,
there i s womsiozkgds a reconbi nant adenovi rus contai ning a PEVAKROpIg30pE
derived fromvesicular stomatitis virus linked 15 to the carboxy term nus
of the adenovirus fiber protein, which has inproved oncolytic effect. The
i ntroduction of the protein containing a VSV-G epitope into adenovirus may
be achi eved using conventional techniques known in the art. Various

appr oachess céfedHMRN BiggeemMdRRirgdtitibavhjugateef SudnNDwidthisl Waymtrbéesrddirkenpt ed,
and such alternative 20 |nfect|on can be achieved by both genetic and

i mmunol ogiig 1086 bgdke Dbaglas iresehich Igegipe it ehéhgfeldte gas ichahralty cenjhgetatitoon
conjugates, in which adenovirus is conjugated with targeting nol ecul es.

Such a netthoteutedjpingd®baragment oCangidland meysd@ml aftitedgcleading teilteatlegy
i ncludes nodification of viral structures using genetic engineering

t echni quesidendviieh naive edopisin end; thad iaodung e necombinast radevfvime quitlr enyvehl y a
25 singl e-conponent system As an exanple of the conjugate-based strategy
to devel opropisnar gBhecbispesifenteidrgeingi aonpigricn gllow| tissuarspeciie ralatgsting tof Ve
pathway, the surface of adenoviral vectors 16 WO 03/029448 PCT/ KR02/01831
I s coat ed Wius A fusmerceall speeiéie gersedelivgfyeonj ugat es.  Such a net hod was
introduced first in 1996 by the ﬁ@%ﬁf‘as research group, in whjch fo]ate
was chenically éb?ﬁse@i@éeptkcdarg@%@ g5 aﬁrg@te&aéewaamv bgrdeyeionstt i - knob
nonocl onal, ant to alter the adenoyiral alvetro .sm and
thus. proqdwanedifgating i I auRevit-tap TP RGYBFoR EPapPETFnTnEnce
bi speci fi ng con at.es, al,l ow sue~ s ecif] etJ ng pof the
Vi rus and%i“h%?ﬁ glgl‘ollb gsp "W% goénlél ngog; 9{;?‘? a@ed&(‘k’gg‘r‘?e T&eUgr Gt i ng
str gie a t.argeted. den e _deve nodi fi.cat i.on, of the
demb s r ugpRolfs iR AR BB By R e h‘*ﬁ? Jiesl halTegy b
genetically modify the fiber knob region binding to CAR to alter adenoviral tropism,
the trimeric structure of the fiber should be preserved, and a targeting ligand should be
well expressed in a form of being conjugated with the fiber, and thus bind accurately to
a specific receptor for the targeting ligand. To express a targeting ligand conjugated
15 to the fiber on the surface of adenovirus, the transcriptional stop codon is deleted from
the fiber protein and a gene encdding the targeting ligand is inserted to the stop site,
thus producing an adenovirus with a targeting ligand-fiber conjugate. Such a ligand
renders adenovirus to have a new tropism and infection specificity, thus improving
transduction efficiency. Figs. 3 and 4 show an embodiment of targeting of adenovirus
20 using the genetic targeting method. When conjugating a VSV-G epitope to an
adenovirus protein, and preferably, to the carboxy terminus of the adenovirus fiber, a
linker is preferably linked between the adenovirus fiber and the VSV-G epitope to
obtain a suitable 3D configuration. The linker is preferably composed of about 5 to
about 15 amino acids, in which the amino acids may be any one selected from natural
25 amino acids and chemically synthesized amino acids, and also amino acid derivatives
known in the art. In general, amino acids having a small R group, for example,

glycine and alanine, are suitable. Amino acids such as serine having hydrophilic R-
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the fiber knob is essential for binding of adenovirus to CAR the targeting
of 10 adenovirus is mainly achieved by nodification of the fiber protein.
In order woo3genetically nodify the fiber knob regi on bi n@CagKRIQ/OGIR t o
alter adenoviral tropism the trineric structure of the fiber should be
preserved, and a targeting |ligand should be well expressed in a form of
bei ng conjugated with the fiber, and thus bind accurately to a specific
receptor for the targeting ligand. To express a targeting |ligand conjugated
15 to t hegfdupetuchnstsbeing uké dsesuibiadeordcottnnct ithtarmasqréfatredaspectsifop
codon is deleted from the fiber protein and a gene encoding the targeting
l'i gand i s thesesenethventith) ehestindker sosits oftabost procboui Hoglycinatksioes.rus with a
targeting |igand-fiber conjugate. Such a ligand renders adenovirus to have
a new tropi sm ahdadcofdantd withapeeidific piefarred dspectiofreopeseyt invertinged therg isn
efficiency. Figs. 3 and 4 show an enbodi nent of targeting of adenovirus 20
usi ng t he pgevidtd e tearmbinamigadesoyion. YW d-YOY @ dKEC 1%21@%172‘@16&} {8k to an
adenovirus protein, and preferably, to the carboxy_ term nus oé t he

adendvi r usohsiging, of:8 glycinkaesidues pe@icen s tprminakend Hehgadsnovies HhRrgdiar us
fiber and the VSV-G epitope to obtain a suitable 3D configuration. The

| i nker is preéfeerifsipg- conposed of about 5 to about 15 amino acids, in which

the ami no acids may be any one sel ect.ed fro(ga nat ur al. 25 am no aril stoand
chenmical |y synt ASS{ts&g @n%ﬁcgea%twd@fgeaﬁa nagthof, A feremBIAY YL 55 known

in the art, In general,. am no acids, havi smal | . | e,

gl yci ne artbe d?%?%?‘hér,w%n@ns’ﬁi Pfgaﬁl%‘r. %%@Qﬁtcﬁiggngus%ﬂ%aeg (/gééir}]i r?éﬂ aglvfll(%g@
S0 B t derenent f 505 (8,20 LD Noy Soprers o o BBinfsonb g OF°

i nvention, e.linker ..consi,s o) t i : i s. |
hoeor Bance S Ee pERE ARRRE IRtde o dhfill e RebMERBA hadkoviLY platfid BEbGUPS. | N

s provided g s Isgggg@j%@e@tagﬁg%&%hﬁ% YRGSV KT QenbiRASechityhig 2

l'i nker 5 Cal cine resi between the term nal end of the
adenovi r us, f1Be0iARdr fandfR¥mE a4RIthEIBRell using the recombinant adenovirus plasmid.

In Example 3, targeting of adenovirus using the genetic method is exemplified by the
construction of a recombinant adenoviral vector pYCI-Ad-VSVG and production of a
15 recombinant adenovirus YCI-Ad-VSVG. A plasmid useful in constructing a shuttle
vector containing a part of the adenoviral genome as well as a nucleotide sequence
encoding a protein containing a VSV-G epitope may be prokaryotic or eukaryotic, or
known in the art or commercially available. In addition, a host cell for a
recombinant plasmid, useful for production of a recombinant adenovirus, is well
20 known to those of ordinary skill in the art, and exemplified by human embryo kidney
cell line 293 (E1A/B+) transformed with a nucleotide sequence nt 1-4344 of Ad5, and
human embryo retinoblastoma cell 911 containing a nucleotide sequence nt 79-5789

of Ad5.
The recombinant adenovirus according to the present invention is much more
25 effective in killing various tumor cells, including liver cancer, ovarian cancer, breast

cancer, brain cancer and lung cancer, than the conventional recombinant adenoviruses.
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According to the genetic targeting nethod, a reconbinant virus according to
the present invention is produced by constructing a shuttle vector

cont ai ni goa3/otuagnent of adenoviral gene and a DNA fragmPoll/KRveots3ng a
protein containing a 10 VSV-G epitope |inked thereto, obtaining a

reconbi nant adenovirus plasm d through honol ogous reconbi nati on between
the shuttle vector and an adenoviral vector, and transform ng or
transfecting a suitable cell using the reconbinant adenovirus plasmd. In
Exanpl e 3, tar gdhiangthef aspdenafithe peesergiingention, Gereeisiprovidadnmghirmaesusiepl i f i ed
by the construction of a reconbinant adenoviral vector pYCl -Ad-VSVG and
product i orcosfpositios ewnprifingiald) caHenmevtieslyyeffeptiyevavamt pofpRatpsp@bingsat ul in
constructing a shuttle  vector containing a eart of the adenoviral genone
as wel | adgnovimis cOmpisinged NEYRIB COBREGRE AgV AV 6PEone diveditipm yedoway- G
epi tope may be, prokaryotic or eukaryotic, or _known in the art  or

commer ci alSgmaifis; YIRS é".%lqhnls Aaenaradaby mirodueipg dhe profgip info ap adghayimiangnd

pl asm d, uEef UL for proguction of a,reconbinant adenovirus, is well 20
know? t o t(RbaBhamageHicaly gosRieble PHid'he art, and exenplified by human
enbryo ki dney el |

| i 293 B t f d with. | eot.i,d
sequence nt 1-43%4 aB‘FtIh%SBa,Sp%fﬁéoEfl ﬁ%ﬁmﬁw esef péﬁgﬁtgﬁi’ ntgnﬁﬁeaés? ucggﬁ%ﬂa‘aﬁ 12
t ai ni | eot.i d t ..79-57 f . '
oAl A RIS Ty B e I, LSRR o,
et . t | resent. . . W t
Shncer” poife iy G4 SeoloBfobotirc REpHBRGR adeBrh P RofBHiaRE o OF €8S

adenovi r i”?ﬁ-éte'n g&téﬁﬁ] ré Wé%&)@%ée gmdoﬁ'gﬁjvesicﬁlaﬁﬁfbmﬁﬁs IRRESHhieh i he

pr esent nt1on, e is pr a pharmaceutical conposition

conp{4sin 're%eﬁ‘éd By iR RBRY i Eftblein Bitd SChdensviRiRisMtaitthg 8n ESACKEAENAAL(D)
adenovirus conprising a protein containing a VSV-G eprtope derived from

vesi cul ar , Shafmlcbhddallydcbiéptabd carict.S Slﬁ@ﬁ_feefépb&atioﬁtdbﬁ@%hﬂgecbhﬂb_irﬁlhﬂt ein
into an adenovirus; and 57(b) a pharmaceutically acceptable carrier.
adenovirus has oncolytic effects on various tumor cells, such a pharmaceutical
composition is useful in treating tumor-related diseases, including stomach cancer, lung
cancer, breast cancer, ovarian cancer, liver cancer, bronchogenic cancer,
15 nasopharyngeal cancer, laryngeal cancer, pancreatic cancer, bladder cancer, colon
cancer, and uterine; cervical cancer.
In another aspect of the present invention, there is further provided a
pharmaceutical composition comprising: (a) a therapeutically effective amount of a
replication-incompetent recombinant adenovirus comprising a protein containing a
20 VSV-G epitope derived from vesicular stomatitis virus, which is prepared by
introducing the protein into an E1A-deleted or mutated adenovirus, and one or more
therapeutic genes; and (b) a pharmaceutically acceptable carrier. Since the therapeutic
gene introduced into the replication-incompetent recombinant adenovirus is expressed
in target cells, such a pharmaceutical composition is useful in treating cancer and other
25 diseases. For example, the pharmaceutical composition of the present invention is

useful for treatment of colorectal cancer and melanoma when HLA-B7 is used as a

therapeutic gene, breast cancer and lung cancer when IL-2 is used, neuroblastoma when

19



I n anot her aspect of the present invention, there is also provided a

phar maceuti cal conposition with antitunor effect conprising: (a) a

t her apeutwoaBlog44®f f ecti ve anount of a replicati on-conpet @cti/KRIeONM3I1 nant
adenovirus conprising a protein containing a VSV-G epitope derived from
vesi cul ar stomatitis virus, which is 10 prepared by introducing the protein
into an adenovirus containing an EL1A gene; and (b) a pharnmaceutically
acceptable carrier. Since the replication-conpetent reconbi nant adenovirus
has oncol JFNcisefstéctesalovellvardinansa v GMeCSE is ssedhteamplabbraastecanceradnd
conposition is useful in treating tunor-related diseases, including stonmach
cancer, | vgriamegnser whon dH3R-1ciameed, and peain gancsartsed and ingels cangers evarian
bronchogenlc cancer, 15 nasophar eal cancer, |aryngeal cancer, pancreatic
cancer, blcanersand apesetheliemn dihen &ﬁ%‘gé%usedndlm@@dltlm véwnfhe Heranghie geng n
another aspect of the present invention, there is further prOV|ded

phar maceutlf @oludigRoside %WC@&%WQ |ﬂ%rgap>( a¥ infegtionp siseates @ad|alignapicand, e
anount of ,a_ replicat.ion-inc ete onblnan adenoyj r us conpr|5|ng a
protein ¢ GRIMMAIRGY LIBSTSIIEs S oo RAGRARSHS o?ﬁ%&sﬂm aF 1 dwesert i s

ool R b EAR B BT R =
t I h d d

SRR e NS

target ool s BHChabypla IRGEHY) 6RY ASBINAR! dh@nkSidRSltleld §Eahble

cancer anc? I Seases uti c conposli tion

of the pr %‘8% | e {}f%Fh!e %flk"knh t& &ﬁ&%r@’b&dlﬁﬁ Cs‘RhP'ir?ﬁlteaért ¢agger and

nelanona en HLA- erapeutic gene, “breast canéer and |ung
cancey whepl ke %mﬂ@rsﬂé%@qmt”tﬁb' bk Tt1@ n¥N&hR belgnﬁﬁ‘gyoﬁl%a%&he present

PCT/ KRO2/ 01831 [|FN iIs used, renal cell carcinama when G\ CSF i s used,

term nal Bpeagibncancer and ovarian cancer when MDR-1 is used, and brai n
cancer, head and neck cancer, ovarian cancer and nesotheliona when HSV is

used. | n additi @winghemfédiion intRpanRut 6OCIRMEstributed on a broad range of cells in

the host, the recombinant adenovirus according to the present invention is beneficial in
terms of effectively delivering therapeutic genes to cells expressing a very small
15 amount of CAR or none at all. Examples of the cells include blood cells (e.g.,
leukocytes, such as T cells, B cells, eosinophils or neutrophils, erythrocytes, platelets),
lymphocytes, fibrocytes, pulmonary macrophages, and muscle cells in matured bone
tissues.  Therefore, the pharmaceutical composition comprising the recombinant
adenovirus according to the present invention is useful for treatment of damage to the
20 above-mentioned cells and diseases related to the cell damage. For example,
hematopoietic growth factors, including EPO, G-CSF, GM-CSF, CSF-1, IL-1, IL-2, IL-
3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IGF-1 and LIF, and DNA sequences
thereof are well known in the art, and the pharmaceutical composition comprising a
recombinant adenovirus containing one or more selected from nucleotide sequences
25 encoding the hematopoietic growth factors may be useful for treatment of

hematopoietic disorders.
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is a polynucl eotide associated with therapy of infectious di seases and

mal i gnant and 5 inflanmtory di seases and states, the pharmaceuti cal

conposi t iwp oaf2q4le present invention is useful for treat PEMKRIR/OH3$eases
corresponding to known effects of the polynucleotide, which are, but are
not limted to, exenplified by cystic fibrosis, adenosine deam nase
deficiency, and AIDS and ot her infectious diseases, as described above.
Such a therapeutic gene is known to those of ordinary skill in the art, and
it 10 will be undaeshogeatinbar, shasddiereipetefirs tganerfeancire, sippesdidry otiti | i zed
in the present invention. OMng to infection independent of CAR

di stri butgibvistion &f dichseangelisntdere! | Ehereford, Ithe herst “thetapentimblybiffeative
adenovirus according to the present invention is beneficial in ternms of

ef f ect i vednyouds?,i asensedcherdier mpanst arc amemetssufficiced tosachigyedbeiphgrnaaceetical snal |

15 anmobunt of CAR or none at all. Exanples of the cells include blood cells
(e.qg. | effdcodgscebed k. as T cells, B cells, eosinophils or neut rophi | s,
eryt hrocyt es, platelets), nphocyt es, fi brocyt es, pul nmonary nacr, hages
and Buscl e cel IEhei phmageléwaﬁ/mrﬁ,ccentﬁ@gu@%‘ﬂel‘ﬂ?@?l’@fnéflem e DhRERIFEEESH | cal
conposi tion conprising the reconbinant . adenovirus accordi n to the present
i nvent i oncampasifednypf fthe present nupRtion vifRde OB JEed, By Ak WP%%d cells
and di seases related to the cell dama% exa henmat opo £ growt h

factors, fosEplagiony Pwols aocdmited)ieom ﬁ@%fcoli"to?el’_- ?‘g’Pie 2SUFQSSs §‘I’r%ftﬁ
Ltqﬁenl;;s%a@ftq Z@fara St ar&hl&W%ﬁSltl é?s[ph%;érg%ﬁ%e okl Bty

cel oot ed FefionGEFRSAHATco Gubae b AATRA i Ere AL, poraET Sttt ¢
031 030445 e ﬁ%ﬁ%%%@%ﬁylﬁiﬁgéﬂﬁ%ﬁzoﬁhg@%&%@%&%ﬂé ﬁ%cﬁ.ﬁ%%n?%%zr“? to a
Perfect Cul oS URRTRASLPRIC! Tile 'ﬁﬁé&g oflfcoflipdSiRe Soidll 16 e pfesent

Ther ef or e S“PRE> £ET MFTRer apeut | ectiv
invention may further include a lubricant, a humectant, a sweetener, a flavoring agent,

an emulsifier, a suspending agent, and a preservative.
The pharmaceutical composition according to the present invention may be
15 administered through the routes used commonly in gene therapy, and preferably,
administered parenterally, i.e., by intravenous, intraperitoneal, intramuscular,
subcutaneous, or local administration. For example, the pharmaceutical composition
may be administered intraperitoneally to treat ovarian cancer and intravenously to treat
liver cancer, directly injected to visible tumor mass to treat breast cancer, directly
20 injected to enema to treat colon cancer, and directly injected to a catheter to treat
bladder cancer.

A suitable dosage amount of the pharmaceutical composition of the present
invention may vary depending on pharmaceutical formulation methods, administration
methods, the patient’s age, body weight, sex, pathogenic state, diet, administration

25 time, administration route, an excretion rate and sensitivity for a used pharmaceutical
composition, and doctors of ordinary skill in the art can determine an effective amount

of the pharmaceutical composition for desired treatment. Generally, the
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amount”, as used herein, neans an anmount sufficient to achieve the

phar maceutical effect described above. 5 The pharmaceutically acceptable
carrier cwotoaiozads i n the pharnmaceutical conposition of tRETHRIZOM31

i nvention, which is commonly used in pharmaceutical formnulations, but is
not limted to, includes |actose, dextrose, sucrose, sorbitol, mannitol,
starch, rubber arabic, potassium phosphate, arginate, gelatin, potassium
silicate, mcrocrystalline cellul ose, polyvinylpyrrolidone, cellulose,

wat er, sy mhpsmactOticedt ¢ophpositionudbDéte; prastiny intvgiex gomerizgasate] 0'priopsst 10y'dr oxy
benzoate, talc, magnesium stearate, and mneral oils. The pharmaceuti cal
conposi t i @fad ot alrergmbinanh edgnogiren tandi hidht plorofremyechmbitzet ademoivirde is

| ubricant, a humectant, a sweetener, a flavoring agent, an enulsifier, a
suspendi ndYRigaht injestrd Qoo perdwiodays oeer tWaeveskar maceut i cal conpositi on
according to the present invention nmpy be 15 adm nistered through the
routes used coniBfl Pharmagrisak rrompeyitioan gOWPESIBE aBl yecombinany adeapeigus

parenterally, .i.e., by intravepous, jn rapiari toneal, intramuscular,

subcut anedGEoIHE tP(SlE“aﬁre hny PRt e forpilatsdiintar asunit dese SprapHatian psings|
conposition . may be adm nistered intraperitoneally to. freat ovarjan cancer
and int ra?eW&?ﬁ@%@e“?ﬁg]‘g’r %%ptaﬁe\@pl%ﬁgp&r ,exﬁlipfeé‘gtqrf ﬁnﬁ}tléiéﬁ"e%"rf%l?a‘ﬂoé‘ﬁm e

t unor massoeio LL %te r.e%st ﬁ ncer, di recfley 0 in'u?cted to enena taq treat
col on cancSPE SONHGPY &L ¢ Puldose pamatngt JThe PREParcufisal Pumpostfn fg¥ e ancer .

A sui t abl . f hg i cal it f th t

vent  on g ag AEOAHGR poer ARIRE CHbleBCh FBFRES eCren dfigl’se"

nvention may \ _on prar, | |

State, d SRl EAPOE p sliZBR s the BAReotRE coillilion 18 pe BRLIGRTC .

rataand seeldriayhdois b, 486HnRBAL BRGRULLAEL  composi tion, and doctors of
ec

ordinary skill in the art can determne an e tive amount of the

phar maceuti cal ¢REPPRAriaOtlr @aFokREnt COAPABAL - 2 CRRBHMilaNt AdMBovidds VO
03/ 029448 PCT/ KR0O2/ 01831

according to the present invention may be utilized alone or in combination with typical

chemotherapy or radiotherapy. Such combination therapy may be more effective in

treating cancer. The chemotherapeutic agent useful for the combination therapy
15 include cisplatin, carboplatin, procarbazine, mechlorethamine, cyclophosphamide,

ifosfamide, melphalan, chlorambucil, bisulfan, nitrosourea, dactinomycin,

daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin, etoposide, tamoxifen,

taxol, transplatinum, 5-fluorouracil, vincristin, vinblastin and methotrexate. Examples

of the radiotherapy useful for the combination therapy include X-ray illumination and
20 y-ray illumination.

In order to increase stability at room temperature, reduce the need for high-cost
storage at low temperature, and prolong shelf-life, the pharmaceutical composition
comprising a recombinant adenovirus according to the present invention may be
lyophilized. A process for freeze-drying may comprise the steps of freezing, first

25 drying and second drying. After freezing, the composition is heated under pressure to
evaporate vapor. At the second drying step, residual water is removed from the dry

product.
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pharmaceutical conposition of the present invention conprises 5x101 to
5x1011 pfu/m of a reconbi nant adenovirus, and |Ix 1010 pfu of a

reconbi nawoD oatizaes/i rus is typically injected once per tweCEaR20vE1 t WO
weeks. The pharnaceutical conposition conprising a reconbi nant adenovirus

5 according to the present invention may be fornulated into a unit dose
formul ation using a pharmaceutically acceptable carrier and/ or excipient,
or a nmultidose formulation by being contained in a nultidose container.
The phar maceuti Fat mepguationt icfn DYy faccifepr fredzatdeying nod thet phartmeceypicnider
granul es, tablets or capsules, and further include a dispersion agent or a
st abi | i zerconguositivheacpdrdmgatre thei prebent dnpagioni way reeyadéeved| ageomding tol theof oi |
or aqueous medi um suspensions or emul sions. The pharmaceutical conposition
conpri si ndoBowisgorstsipsar(il) adetpavinings collepssr demperetyre hef ﬁh@séhﬁnnawmali on may
be utilized alone or in conbi nat| on with typical . chenotherapy
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| yophi |i ze rocess reeze-drying may conprise the steps of
freezing, frgke @%ﬂ@féﬂ afigesecond drying. After freezing, the
conposition is heated u essure to evaporate vapor. At the second

drying step, r eq‘h@%@éez@@ﬁ@d ph&nfa@éiﬁié@ﬁf&rfrﬂ[ﬂtfbﬁ&n@f thelydle QhUgcipient and a
Iyoprotectant. Non-limiting examples of the excipient include a buffer solution
containing 0.9% NaCl and 10 mM sodium phosphate (pH 7.0) or 10 mM sodium citrate

15 (pH 7.0). The lyoprotectant functions to protect biological molecules contained in the
composition during the freeze-drying, and supply mechanical support to the final
product, which is exemplified by PBS (pH 7.0), and PBS/4%, 12% or 15% trehalose.

The present invention will be explained in more detail with reference to the
following examples in conjunction with the accompanying drawings. However, the
following examples are provided only to illustrate the present invention, and the present

invention is not limited to them.
EXAMPLE 1: Preparation of an E1B-55kDa-deleted recombinant adenovirus

To delete only the open reading frame of E1B-55 kDa protein from the
20 adenovirus E1 gene, after designing primers capable of amplifying a part of E1Al
gene containing ORFs for E1A and E1B-19 kDa, polymerase chain reaction (PCR)
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22 WO 03/029448 PCT/ KR02/ 01831 For preparation of DNA vacci ne,
freeze-drying of the pharmaceutical conposition according to the present

i nvent i orwoag/oa4;chi eved according to the follow ng stepseT/KRop/01831
determ ning col |l apse tenperature of the pharmaceutical conposition through
a freeze-drying mcroscopic analysis (Pikal, M J. et al., Int. J. 5 Pharm
62, 165-186, 1990); (2) placing a vial on the shelf of a freeze-drier at
room tenperature and then equilibrating it for about 30 min at -1C; (3)
cool i ng t heaspefdrmed usig5EXehdMinmbisridmarig, Pangda) asae DS gemplat andsr  (4)
performng a first dr\éi ng at about - 32C of product tenperature or 5C | ower
t enper at ursenseharimene'-ddA TeAJ T TE BAGGGHCEeHh ZEQ B2 &Xd1ltr yi ng
at 35C under pressure of 55 to 120 ,nm:%;,and (6) 10 covering the vial with
the |id urreafeiniag yunBesHYi teskiction siffe o r boAdgrdndr anaAREI-SENSE AGRE Sat 2 to

nct ude. aﬁ%@?@zﬁe@é{&%%%ﬁ&%ﬁﬁ@%p&@fﬁ o -g}e@%:lﬁtsﬁ@? Z}Wﬁé
i pi i . . i inj 0. 9% 0 i
LGt L e R
dﬂpiﬁ'gotn ﬁi@?ﬁ%?ﬁcf’i}ﬁt&f ah i 22 eh G L B 2 R65br AT R EERFRGR "
proctEt. L5 AP, CPR Bk e B AA00 B0
(rj?;\?m.r (ra]nce ’ﬂge bpR pr%?#t%‘f"1&?}(@%&%&’[&9)&!&9@&{1@ A 'th gﬁ%e § iRoGPBRATNY! NY
gs. However,, the fol lowmng exanples are provided only to ilFustrate

the present.. At ion, r i i L) N0 flek MidRHns 9hd hem
EXAMPLE 1: §IBr él%g:rl a%@gndege?éha @%11% gg%%%%e@e{tﬁgg’ ?ea(r:%%lt%i nant adéeno{lli'é rus To

del ef@ Onlﬁés%lhﬁ%%ﬁﬁmerx%ﬁﬁr Kiama 0f 1518 852 kideh XRARIR Jo1OoBT4183 wad

adenovirus El gene, after designing primers capable of anplifying a part of
E1Al genepgndraiedl Wih @REshiigle ebforandn&MBthl 8n KDEAE3 p@nytRlcdsE addiivitus

reacti on (PCR)
vector vmdl324Bst digested with BstB1(Dr. Verca, University of Fribourgh,
Switzerland) to induce homologous recombination between the two vectors (Fig. 10),
giving a recombinant adenoviral pYKL-1 vector. pYKL-1 DNA was isolated from
15 the transformed E. coli and digested with HindIIl, confirming that the 55 kDa E1B
segment had been deleted from pYKL-1. Thereafter, 293 cells were transfected with
Pacl-digested linear pYKL-1 to produce an E1B-55 kDa-deleted recombinant
adenovirus. The produced recombinant adenovirus was designated as YKL-1, and

deposited in Korean Culture Center of Microorganisms (KCCM) with the accession

20 No. KCCM-10424 on Sep. 19, 2002.

EXAMPLE 2: Preparation of an E1B-19 kDa or E1B-19 kDa/E1B-55 kDa-deleted

recombinant adenovirus

To construct a recombinant adenovirus shuttle vector pAE1B19/55 with E1B-
19 kDa and E1B-55 kDa genes deleted, a primer set capable of giving a PCR product

25 containing only an E1A gene was designed first, and PCR was carried out using an
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23 WD 03/029448 PCT/ KRO2/01831 was perforned using pXCl (M crobis,
Ontario, Canada) as a DNA tenplate, and a sense priner

5' - TTATTGEATRCIMICTCTAGEECCECEEG- 3" (SEQ 1D NO 1)  cont aiPairmgroa/o BesmH
restriction site at its end, and an anti-sense prinmer 5'-
TCTTGGATCCAGATCTATACAGT TAAGCCACCTATACAAC- 3" (SEQ ID NO 2) 5 containing a
BamHl restriction site and a Bglll restriction site at the ends and two
stop codons by substitution at nt 2253 (C. :T) and nt 2262 (G:T). As a
resul t, aaR&Rvirks Gdubitteovaetdr P01 IMiGeBix2 Dhtrinl, GaneddaroDNAIEgdaeNe Was
obtained (Fig. 10). The PCR product of 1.9 kb was digested with BarH and
t hen i nseahédthienpeingr Bggtl compoded off El sgsnepdmert Edl PARIGCGANCCBEIGT
Ontario, Canada). After digesting the 10 resulting shuttle vector

pCA14- E1ACHMBGGORCGGER3 XEHQ 1B Nyl 3) BId p3antisenset pramet S GHAR t he
shuttle vector along with an E1/ E3 gene-del et ed adenovirus __vectaor

virdl 324BsCAAGATCICCGCATBEABTACBECAKGCE, (RRQVED SNOy D b aurlied
Switzerland) to induce honol ogous reconbination between the two vectors

(Fi g5 10) PCRypwdnef wias digetied wathtBaidhand maprigsvie the Redlisife ofpldl Upisa was
isolated from15 the transforned E. coli and digested with H ndl 1]l
confi rm ngivingta shettlssveater pABIBdRgRentSehadtabeetd Fanstust & ﬁgpﬁt Yigetqr,

aul ture Gt S6F wﬁeq»%ﬁggﬁhﬁiﬁean%év?impmaﬁde%gi@sgﬁf?%%éE_gviﬁo%ﬁr -
crs 10 koar TSR ot Pt SES P ROLIBYRR S BeC eSS ©
E1B- . k Draﬁ%fgﬂ @Eg d ét? é?%%?&l gﬁdp‘g%e\ég@é gget{ {R%%%gél? %j(g}awgp\t}i I%E?a “é?ﬁ% product 25
cont ai ni ng, opl Y 0 5ledADSE G Tent BRI 8dsdnbd Prim@n9-GERAESTCPGATET out

usi ng an
’ CCTGTAGGCTAGCGAGTGTTTGGAAG-3' (SEQ ID NO: 5) and an antisense
primer 5'-CTTCCAAACACTCGCTAGCCTACAGGAGGTCAGATGTAAC-3' (SEQ
ID NO: 6), of which one contains a mutation in which a start codon is substituted
15 with a stop codon. As a result of the mutagenesis, the produced pSP72/
pXC1/1.3kb/A19mt plasmid was confirmed to have a mutation through DNA
sequencing. Thereafter, the pXC1/1.3kb/A19mt plasmid was digested with Xbal and
BamHI and then subcloned to Xbal and BamHI sites of pXC1, thus producing a shuttle
vector pAEIB19kDa. According to the same method as in Example 1, the shuttle
20 vectors pAE1B19/55 and pAE1B19kDa were digested with Xmnl, and each of the two
shuttle vectors was introduced into E. coli BI5183 along with BstBI-digested single-
strand adenovirus vmd1324Bst (Dr. Verca, University of Fribourgh, Switzerland) to
induce homologous recombination between the two vectors (Fig. 11). Plasmid DNA
was then isolated from the transformed E. coli and digested with HindIII. As a result,
25 it was found that an Ad-pAE1B plasmid with both E1B-19 kDa and E1B-55 kDa
genes deleted, and an Ad-pAE1B19 plasmid with an E1B-19 kDa insert in which a

start codon is substituted with a stop codon were produced. Thereafter, 293 cells
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24 WD 03/ 029448 PCT/ KR0O2/ 01831 adenovirus El shuttle vector pXCl
(Mcrobix, Ontario, Canada) as a DNA tenplate and the priner set conposed
of a senswOpsiop®Ens 5' - TTATTGGATCCTTTGI CTAGGGCCCCGGEG 3'  ( BEQKHD2M3313) and
an antisense prinmer 5 -CCAGGAT CCAGATCTCCCCATTTAACACGCCATGC-3" (SEQ I D NO
4). The anmplified 5 PCR product was digested with BanH and inserted to the
Bglll site of pCAl4, thus giving a shuttle vector pAE 1 B 19/5 5 .
Separately, to construct a shuttle vector pAElBI9kDa carrying an ElIB-19
kDa gene iwereMianifettbé veithaedchcaltihn tive rscdmstingnitagldnowiial tveetost digestedimith a DNA
fragment of 1.3 kb prepared by digesting pXCl with Xbal and Bant
restricti dackhz pnebicoalsd-pABtBOHEA and AdpAFABA§ reeombinapiSaienoyipusssegd, 10
USA), and site directed nutagenesis (Stratagene, La Jolla, CA USA) was
per f or med reeombinant adprdvire dvi Fi BgihddPa gerierdpleiod was designated as YKC-1,

5' - GTTACATCTGACCT CCTGTAGGCTAGCGAGTIGITTGGAAG.3' (SEQ I D.NO_ 5)
ant i sense angdrdepesites inCiraSamaTACHitme fxatr ol OlisraeizrHsna 3"187( %EQ

NO 6 of which_one contains a nutat|88 in which a start codon is

substd t ut egcassioniNe KCQ@YnlP428 985eralY: 20%2sul t of the mutagenesis, the
produced pSP72/ pXd/I.3kb/A 9nt plasm d was confirnmed to have a nutation
t hrough DNA sequenci ng Thereafter, the pXd /1. 3kb/Al 9m plasm d was

di gest ed hen. subcl.oned to Xbal and BanHl sites of
pXa , thu&%‘?“m ?\Slprgp%rﬁﬁ?’? Pléfe"%’%’%%ﬁ EPWE)& According to the same
method as in Exanple 1, the shuttle 20 vect ors pAEl1B 19/55 and pAEl1B 19kDa
were digested with Xm1| and each of the two shuttle vectors was

| nt roduced, %ﬁgggrmg%%ﬁ%aé\,ﬁénﬁg B it PPt Bsdigest ed single- strand

adenovi rus erca niversity of Fribourgh, Switzerland) to
i nduce honol ogous reconbi nati on between the two vectors (Fig. 11). Plasmd
DNA was then isolated fromthe transformed E. coli and digested wth

Hndlll. As a res %etm%50f LAV i URES HBFérmAa A siAELBwRY atisi én Wpitbpdot h
E1B- 19 kDa and ElB-

consisting of 19 amino acids, derived from the envelope glycoprotein of vesicular
10 somatitis virus (VSV-G), was introduced to the YKL-1 adenovirus with a gene
encoding an E1B-55 kDa protein deleted, prepared in Example 1, as follows (Figs. 1, 2,
3 and 4).
First, an adenoviral shuttle vector was prepared. A DNA fragment of 5543 bp
from vmdI324Bst, which contained a gene encoding the adenovirus fiber protein, was
15 digested with SacIl and Kpnl, and subcloned to the Sacll and Kpnl-digested
pBluescript SK plasmid (Stratagene, Canada), thus producing of a recombinant vector
pSK[5543] (Fig. 12).
In order to reclone the 3’ end region of the fiber, PCR was performed using
pSK[5543] as a DNA template and a primer set composed of a sense primer 5'-
20 GGCCTTTACTTGTTTACAGC-3' (SEQ ID NO: 7) and an antisense primer 5'-
GGGGAGCTCGGATCCTCCTTCTTGGGCAATGTATG-3' (SEQ ID NO: 8). The
antisense primer was designed to substitute a stop codon (TTA) with a codon encoding
Gly (TCC), thus removing a stop codon from the C-teminus of the fiber, and having

BamHI and SaclI restriction sites.
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genes del eted, and an Ad- pAE1B19 plasmd with an E1B-19 kDa insert in which
a start codon is substituted with a stop codon were produced. Thereafter,
293 cel | swo25/0493/ 029448 PCT/ KR02/ 01831 were transfect @dTiRob/ogs3¢ch of
the two reconbi nant adenoviral vectors digested with Pacl to produce

Ad- pOE1B19/ 55 and Ad- pAE1B19 reconbi nant adenoviruses. A reconbi nant
adenovirus with an E1B-19 kDa gene del eted was designated as YKC-1, and
deposited in the Korean Culture Center of Mcroorganisns (KCCM with the 5

accessi on No. KEQM10$2R whs Sefled b8 witR080 nTSAMRIBNA teRiptpanad 1®ng of
reconmbi nant adenovi ruses A. Preparation of a reconbi nant adenovirus

YCl - Ad- VS¥H(e Rehar &t | RGROEoraieaBYincludedvasnaparation med4°@ fouchndnwmd 8Oat an

epitope consisting of 19 am no acids, derived fromthe envel ope

gl ycopr ot eydlesodf deastiucatioarat 94 foriahin ammealingist S9SVo5] minaad elohganced t o

the YKL-1 adenovirus with a gene encoding an E1B-55 kDa protein del eted,

prepar ed 7p°Efariphin, follased by imakelfkgation atl 72 ford Oamih. 4)A PERy producof

adenoviral shuttle vector was prepared. A DNA fragnent of 5543 b from

vl 324Bseboutidbe hp costdigesied veithydinslld apeddad gendruasdtesitediintedlinlIband Pacdt ei n,

was 15 digested with Sacll and Kpnl, and subcloned to the Sacl| and

Kpnl - di gestiescoipRianing veqier pSL7R|(Bepmega (S Ak thuseieng 8RAHE9S] Erad2br oduci ng

of a reconbi nant vect or VpSK[ 5543] (Fig. 12).. In order %g recl.one the 3'

end region of tisthereYS VEERDitaRe forRaEiqiRgte § eniakpiyaY)intodost

tenpl ate and. a prjner, set, conposed of S e prinmer 5 -.20 .

GGCCTTTACP nigo %@E@?&ﬁ“ﬁ\%’m#g% Boanls PRI id, Pyqygpoecand its

GGGGAGCTCGGATCCTCCTTCT T TGTATG 3' | D NQY j e

pri mer waSOHEPPRHBY I’LUBIGQH S SPIUTDRES 3t 3%%5@(%% %&%ﬁﬁﬁgségxﬁéﬁz?codi ng

oY 19 (G D N8P Y thd SSRAAKRITEAC RS ARYCCABBCHCOETELTCARRT and
GTTGTGGATATGCAACTGTGACG-3' (SEQ ID NO: 10).

In order to obtain suitable spatial configuration of the epitope when being
incorporated to the carboxy terminus of the adenovirus fiber, a nucleotide sequence
encoding a linker consisting of 8 glycine residues was inserted between the nucleotide

15 sequences encoding the epitope and the fiber, as follows. To insert a DNA fragment
encoding 8 Gly to the pSP72[805] vector, based on the known nucleotide sequences
corresponding to both the linker and the VSV-G epitope, a single-stranded
oligonucleotide coding both the linker and the VSV-G epitope was synthesized, which
contained a BamHI site at 5’ end and a Sacl site at 3’ end, and had a nucleotide

20 sequence as follows:

5'-GA/TCC/GGC/GGG/GGC/GGT/GGA/GGA/GGG/GGT/GGA/ACT/TGG/
CTG/AAT/CCA/GGC/TTC/CCT/CCT/CAA/AGT/TGT/GGA/TAT/GCA/ACT/GTG/
ACG/TGA/GCT-3' (SEQ ID NO: 11).

Then, a single-stranded DNA complementary to the sequence of the above

25 oligomer was synthesized using a DNA synthesizer. Thereafter, the two synthesized

single-stranded oligomers were incubated at 37 °C for 5 min to allow to form a hybrid.

In addition, to amplify the hybrid, a primer set of 27-mers was prepared: a sense
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BanH and Sacl restriction sites. 26 WO 03/029448 PCT/ KRO2/01831 In
detail, PCR was carried out with 100 ng of the DNA tenplate and 10 ng of

t he pri mewoe#0294CR conditions included denaturation at 9#CTfKR02818%1n, and
30 cycles of denaturation at 94C for 1 mn, annealing at 55C for 1 mn and
el ongation at 72C for 1 mn, followed by final elongation at 72C for 10
mn. A PCR product of 5 about 850 bp was digested with Hndlll and Sacl,
and was inserted into Hinlll and Sacl sites of a cloning vector pSP72
(Promega, gdafer: 5'tGAM/GGRG/GGAATCTAECRFGGREGC/GAY/GGALS t(BEQ, IDANUEV-13)epi t ope
known to participate in entry of VSV into host cells consists of 19 am no
aci ds r angindgnfantiserki $ringer 536.CHOAG/CTCAAC O GAICA GER@IARET/ARG-3't(SEQ
correspondi ng nucl eoti de sequence were as foll ows: GIVW.NPGFPPQSCGYATVT 10
(SEQ | D NOD NQ; 4aB¥ 5' - GGAACTTGGCTG AATCCAGGCTTCCCTCCTCAAA
GITGTGGATATGCAACTGTGACG 3' (SEQ ID NGO 10). In order to obtain suitable
spatial confi guPeRi wes pdrfarmed epéardipe tavieraboes-mgntiprrsoropditions dising 10msg
carboxy term nus of the adenovirus fiber, a nucleotide sequence encoding a
| i nkeP  corpfi the ingignast se8 agyKl0neg rof hel habrigass ohignieqrt asda daldetemplaie nllg eot i de

15 sequences encaoding the epitgpe and the fiber, as follows. To insert a

e o e S aaumncas oot Eipond o Lo b Che. Lot A0 e VG
epi t ope, aﬁ@“??@F é’-%sl?)?’ é?Pd@’_&S S@P‘iq i 3&%&%@9@%&%@%‘% Pgﬁé[gﬁl k‘é‘flrcméﬂd t he
2 Sact 8 BBSehat aSPItREt P e 468 e 20 Z‘e?ﬁ?;l:es;sef ollouss
STl AAT] CAl OO PR ET T CARC AT PTG T CE R Aty T and BcoRI

ACK TGA CCl oS5 P arkbhost il A6 ADUEhoFND FEUFRbRTRI 21 Y

tot nce o
VSV-G epitope linked thereto. The shuttle vector pSK[5543], carrying a nucleotide

sequence encoding the adenovirus fiber, was digested with HindIIl and Mf¢l, and the
resulting fragment of about 833 bp was then replaced with the fragment [805+103bp],
thereby producing an adenovirus shuttle vector pSK[5510+103bp] (Fig. 12).

15 After digesting the pYKL-1 plasmid prepared in Example 1 with Spel, the
linearized pYKL-1, together with the shuttle vector pSK[5510+103bp], was introduced
into E. coli BJ5183 to induce homologous recombination. ~After incubation for 1 day,
plasmid DNA was then isolated from the transformed E. coli. Through PCR using the
27-mer primer set, a DNA fragment of 103 bp was amplified (Fig. 6).

20 The plasmid DNA demonstrated to carry the 103 bp DNA fragment was
introduced again into DH5a (Gibeo, USA) having high copy number. The recovered
plasmid DNA was analyzed through digestion with Pacl to investigate production of a
2kb fragment and digestion with HindIII. The resulting recombinant adenovirus
plasmid was designated as pYCI-Ad-VSVG.

25 After being digested with Pacl, the linearized pYCI-Ad-VSVG plasmid was
introduced into 293 cells (Microbix, Canada) to produce recombinant adenoviral

virions. As a result of PCR performed using genomic DNA isolated from the
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25 ol i gonmer was synthesized using a DNA synt hesizer. Thereafter, the two
synt hesi zed single-stranded oligoners were incubated at 37 Cfor 5 mn to
al | ow t o woroaiozo4l/brid. I n addition, to anplify the hybriPdI/KRpOLISIRr Set
of 27-mers was prepared: a sense 27 WO 03/029448 PCT/ KRO2/01831 pri ner:
5' - GAA/ GGG GGA/ TCCO/ GCC/ GGE GO/ GGT/ GGA-3' (SEQ ID NO 12); and an

anti sense priner 5 -CCC GAG CTC/ ACE TCA/ CAG TTH CAT/ ATC-3' (SEQ ID NG
13). PCR was performed according to the above-nentioned conditions, using
10 ng 5 aftodused pdemstirus etheal{d-trofragrgerdfcoriespdmdinng toette VS Gdhepiters waDNA
tenplate. The anplified PCR product was digested with BanH and Sacl, and
the resul talmiélfm%l&‘- gl pesdudaBadspoviess washddsignetedtas Yakvi-\EHG, and

Sacl - di gest ed ,pSP72[ 805] vector, thus_generating pSP72[ 805+103bp] (Fig.
12) . Ther &igpesited i fie lhapan CobigreGetgsjof @%@mrgm wightthe sgoesion  and

EcoRI 10 _to duce a fragnent 05+103bp] containing portions of the
adenovi rusl\tkf'ilﬁfe&waﬁ(aﬂzﬁﬁél Seps -@Ob itope linked thereto. The shuttle vector
pSK[ 5543], carrying a nucl eotide sequence encodi ng the adenovirus fi ber,
was digested with Hndlll and Mel, and the resulting fragnent of about

833 bp was, then replaced with the fragne 0 J‘%}?] t her eby produci ng
an adenovi ‘L}]Ee%%ﬂf% ?@gg?@&)lrgg%dgggﬂgfd%%‘i- f‘%’}‘g. ‘g). 15 After digesting
the pYKL-1 plasm d prepared in Exanple 1 with Spel, the linearized pYKL-1,
together with the shuttle vector pSK[5510+103bp], was introduced into E

i BJ5183 to iyd B i t] 1 day,
ol asm o DUA was Pacy 2ol Bt o off FRG (i Ebdcion 2 Ble VR oeRlng ibc

ing th TRon RO B 7 AguE el (Fig.
)30 Thd B AREon G S aachorllh o PATT Bind bt Il Rt ER AP CR

o aceaigtek e, hRg, (hises \nlad guIik aicest (UERge, 196
i nvest i gatwasndigshusd wiR SPEI @#hd Xbal, thus giving a LacZ fragment, and the LacZ fragment
10 was then subcloned to the adenovirus shuttle vector pCA14 (Microbix, Canada)
digested with Xbal, thus generating a pCAl4LacZ plasmid. After digesting the
E1/E3-deleted vind1324Bst (Heider, H. et al., Biotechniques, 28(2):260-265, 268-270,

2000) with BstBI, homologous recombination was induced according to the same

procedure as described above, resulting in production of d1324/ pCAl4/LacZ. Next,

15 in order to incorporate the VSV-G epitope into the carboxy terminus of the fiber of the
d1324/ pCAl4/LacZ adenoviral vector, after digesting the shuttle vector
pSK[5510+103bp], carrying a nucleotide sequence encoding the VSV-G epitope, with

Sacll and Kpnl, E. coli BJI5183 was transformed with the linearized shuttle vector and
Spel-digested d1324/pCAl4/LacZ to induce homologous recombination between the

20 two vectors. The produced recombinant adenovirus was designated as dl324-LacZ-

VSVG. The recombinant adenovirus was grown in 293 cells, and viral titer was

determined through limiting dilution or optical density analysis.

C. Gene constitution analysis of the E1 region of the recombinant adenovirus YCI-Ad-

VSVG
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2kb fragnment and digestion with HndlIl. The resulting reconbi nant
adenovirus plasm d was designated as pYCl-Ad-VSVG 25 After being digested
wi t h Paclwotohe244ieheari zed pYCl - Ad- VSVG pl asmi d was i nt r ostaTacRo2/01831293
cells (Mcrobi x, Canada) to produce reconbi nant adenoviral virions. As a
result of PCR perfornmed using genom c DNA isolated fromthe 28 WO

03/ 029448 PCT/ KRO2/ 01831 produced adenovirus, the 103-bp fragnent
corresponding to the VSV-G epitope was anplified (Fig. 6). The produced
adenovi rus was designated as YCl-Ad-VSVG and deposited in the Korean
Culture Center of M croorgani sns (K with the accession No. KCCM 10423
on Sep. 19, 2003 unmnshepptospenecdt lingrflen3Ba(HR-S0Ahi ARRE, B ovasringected with
d1324-LacZ- VSVG To anal yze the effect of the _incorporation of the VSV-G

epi t ope ortdenoursadetAEdn(vehgle Eldelsied pdonguiey)i Y- LaYChd-YeNE g the

i ntroduced a replicatiop- inconpetent adenovirus,. as _follqws.

pcDNAhy gr o‘ﬁé@zfﬁﬂ ég‘?ﬁ(HHPF nfgﬁ“ftog%%?ctws ol ravlgeﬁ?laa Oe‘u-lplf“?c@%(l@aa- Xbal ,
thus giving.a LacZ fragnment, and.t acZ fragnent .th ubcl oned to
the adenovifeis? Bat ohe? fetting MRCReFedifnp ROt NS R ER e Xbal
t hus generati,ng CAldlLacZ plasm.d. After. digesting the E1/E3-deleted
vt a94Ber OpRSy adiB apligich ResgRutn Alrblitt BT ud a3 el ouE:

2000) wit . OMS: [ @€ i i i C i he
sane prodatire: usHECARETLEEOH TR AR dRAUEE RERN HdsdByg

pCA14/ LacZin%ﬁgﬂe 5 in order to incorporate the VSV-G epitope into the
carboxy termnus of the fiber of the d1324/ pCAl4/LacZ adenoviral vector,

after digesting Itth‘ea%t@Htah'Eél Setwds ankpitflea ThOPER3IRRL: eae%meggolatelawaﬁoti de

sequence encodi ng the VSV-G épitope, wth “Sacll and Kpnl, E. coli BJ5183
vas transfomugfs Wad ha tRpldt@esid aePrindidt bdie cyRpbRd dRda P& -gliAast sd

d1324/ pCA14/ LacZ to induce honol ogous reconbi nati on between the 20 two
vect 9ps. TIETETOHULRCTCATANGIGEGT-RAISBEQVID NOWa); RS iaf natisshsa prieded28'- Lac Z-
ATTCTTTCCCACCCTTAAGCC-3' (SEQ ID NO: 15). The resulting reaction
mixtures were electrophoresed on an agarose gel (Fig. 5). As apparent in Fig. 5,
because of harboring the same E1 gene as that contained in the YKL-1 adenovirus, in
which the E1B-55 kDa gene was selectively deleted, the YCI-Ad-VSVG recombinant
15 adenovirus according to the present invention produced a PCR product of about 2 kb,

while an approximately 3.2 kb fragment was found in the wild-type adenovirus with

the whole E1 gene encoding E1A, E1B-19 kDa and E1B-55 kDa.

D. Identification of incorporation of a VSV-G epitope into the carboxy terminus of the

fiber protein of the recombinant adenovirus YCI-Ad-VSVG

20 To investigate incorporation of a nucleotide sequence encoding the VSV-G
epitope into the 3’ end of the fiber of the recombinant adenovirus YCI-Ad-VSVG of
the present invention, PCR was carried out using the viral genome of Ad-AE1, YKL-1
and YCI-Ad-VSVG, prepared in B of Example 3, as template and a primer set capable

of amplifying the nucleotide sequence corresponding to the VSV-G epitope: a sense
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VSVG The reconbi nant adenovirus was grown in 293 cells, and viral titer
was determned through limting dilution or optical density analysis. C
Gene conswptoaweaams anal ysis of the El region of the reconbiPoaKRIAGEEIOVI I US
YCl - Ad- VSVG 29 WD 03/029448 PCT/ KR02/ 01831 Hunman hepatoma cell |ine Hep3B
(HB-8044, ATCC, USA) was infected with adenovirus Ad-AEl1 (whol e El -del eted
adenovirus), YKL-1, YC -Ad-VSVG and the wld-type adenovirus Ad-w,
respectively, at 10 nultiplicity of infection (MJ). After 2 days, viral
genone WagrihsokaGadh/GuGHEAIETEGET/ON6/CHT/GGTIGGA-8' (SH@JIENNG LHA) . The
replication-inconpetent adenovirus Ad-AEl used as a control was prepared
usi ng pCALH 4rMigtiseiieXprings: &-COOIGA €/VEC/ATG/ACROCAIGTTITGICATABaAe(SE@cedur e
in Exanple 2. Thereafter, an El gene was anplified by PCR using each of the
i sol ated W) aD: genowkesreathe aclowing | vator 8P7a[§05i+h@3bp§ etarymgpe sewleofida sense
primer: 5 - 10 TTTGIGITACTCATAGCGCGT-3" (SEQ ID NGO 14); and an anti sense
primer: SsegAFEDF NIOCHACRCTHAAGECY IV-G sp@elinied td B)linkdreonsiegng of H§ly eact i on
m xtures were el ectrophoresed on an agarose gel (Fig. 5). As apparent in

Fi g. 55, Wesuied@safposdivbeoniry. t he sane El gene as that contained in the
YKL-1 adenovirus, in _ which the E1B-55 kDa gene was sel ectively deleted,
the YO - Ad- VSV@heersowlting aeaction migarsvwerg Slestopheresrd eban pgarpseedd (g

i nvention produced a PCR product of about 2 kb, . while aﬁg a(ﬁ)prg;éiel;@el y 3.2
kb fragmeft wsarperen i Hig e2 RORdPioghe of abawt 1 U3kp Wes Aot fopad fh gene
encodi ng E1A, E1B-19 kDa_and E1B-55 . D lIdengjficatian, aof .i ngcorporation
o o VSV Bree oKl 64 Ad- ALk BUBISh REPih 6 20TC HPE L6 RN IR BE | he
reconbi napt _adepovi r us - Ad- 20..To i nvestigate incorparati f a
nucl eot i d&! @Sg) éaé?ﬁ‘ﬁ &fg %‘Qgﬁ\@(&%\W@ a 88?'?8%%6 ?"rﬁlPSn‘ieheé‘C% ng r'ﬁ‘dvg?"ghe

H b%ro of telgll opreei%gg%lo?ag ir?’t(cj)etﬂg % Tl o\%%é %e}{svglsgf the 103 bp fragment was

observed in the PCR sample of the positive control pSP72[805+103bp].
EXAMPLE 4: Assay for gene transfer efficiency of d1324-LacZ-VSVG

To investigate the effect of incorporation of a VSV-G epitope into the

adenovirus fiber on infection efficiency, gene delivery efficiency was evaluated in a

15 gene transfer system using the d1324-LacZ-VSVG adenovirus expressing beta-
galactosidase encoded by the LacZ gene as a marker. Human brain cancer cell lines,

U343, U118MG (HTB-15, ATCC, USA), U251N and US7MG (HTB-14, ATCC,

USA), and other cell lines expressing CAR at low level, CHO-K1 (CCL-61, ATCC),

MCF-7 (HTB-22, ATCC), Pro5 (CRL-1781, ATCC) and Lec2 (CRL-1736, ATCC),

20 were infected with the adenovirus d1324-LacZ as a control and the d1324-LacZ-VSVG
adenovirus with a VSV-G epitope attached at various multiplicities of infection (MOI),
respectively. After 2 days, the infected cells were stained with X-gal (Figs. 7a, 7b,

7c, Te, 7f, 7g and 7h). Figs. 7a to 7h show results of X-gal staining of the infected

cell line, U343, U118MG, U25IN, U87MG, CHO-K1, Lec2, MCF-7, and Pro 5,

25 respectively. As apparent in Figs. 7a to 7b, the expression level of LacZ gene was

31



t he present invention, PCR was carried out using the viral genone of

Ad- AE1l, YKL-1 and YCl-Ad-VSVG prepared in B of Exanple 3, as tenplate and
a priner wetosoapabl e of anplifying the nucl eoti de sequen®eTaRm®OsEBONdi Ng
to the VSV-G epitope: a sense 30 WO 03/029448 PCT/ KR02/ 01831 pri ner

5' - GAA/ GGG GGA/ TCC/ GBC/ GGE GGEC/ GGT/ GGA-3' (SEQ ID NO 16); and an
antisense priner: 5 -CCC GAG CTC/ ACGE TCA/ CAG TTE CAT/ ATC-3" (SEQ 1D NO
17), where the cloning vector pSP72[ 805+103bp] carrying a nucl eoti de
sequence dbund® bp isereamdilriy allnested el limes,t indmating ed theo dIB2Mi e &r VBVIEEI St i ng
of 8 Ay 5 was used as a positive control. The resulting reaction m xtures
wer e el ectadeptidrusshad impravedaigéactioe effadier(dsi g In peiticulas, thpfagleexpressidei of 6, a
PCR product of about 103 bp was not found in the PCR sanples of YKL- 1 and
Ad- AE 1, Wicéivasaionsd in e GROIKE ¥Ohef, Ryerdeandiitc 2edblingy, bishexpresseche PCR
sanpl e of YCl-Ad-VSVG with a nucl eotide_sequence encoding a VSV-G 10

epi t ope i BORHSEHCEEPIPHE AR Hf@denovang abe lawadevel prd thupwets natieasilypipfented

TR W e R LA T
O R AL BBl SRR T 0 B e
e oSO T b T AT AR 0 SR AR g v
[ECE 90 AR B <21 e (54, WIoD |
eSS IOl o b g W e 7 VP 22
Bdenoui e L o Bt e B PRy

i nfection ghlVRY)8d, 36.e8P8Ehnd/@)Y - FRs! 84 1081w qbdiRitdteeBhBLis R Sradglie
stained with X-gal (Figs. 7a, 7b,

of X-gal staining of the infected cell lines, U343, U118MG, U251N, US7MG, CHO-

K1, Lec2, MCF-7, and Pro 5, respectively. As shown in Figs. 8a to 8h, expression
levels of the LacZ gene greatly increased in all cell lines infected with d1324-LacZ-
15 VSVG, indicating that the d1324-LacZ-VSVG adenovirus had increased infection
efficiency. = The dI324-LacZ-VSVG adenovirus showed infection efficiency
increased by over 100% in U251N (MOI 1), U118MG (MOI 50), CHO-KI (MOI 50)
and Pro5 (MOI 50) cell lines, and also remarkably increased infection efficiency in
other cell lines. Especially, the dl324-LacZ-VSVG adenovirus showed CAR-
20 independent infection in the cell lines, CHO-K1, MCF-7, Pro5 and Lec2, which
expressed CAR essential for infection of wild-type adenovirus at a low level, which
was higher than that of the dl324-LacZ adenovirus with the fiber not modified.
Also, expression levels of the LacZ gene increased with the MOI of recombinant
adenovirus, indicating that the dI324-LacZ-VSVG adenovirus had significantly

25 increased transduction efficiency.

EXAMPLE 5: Assay for tumor cell-killing effect of YCI-Ad-VSVG
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7c, 7e, 7f, 7g and 7h). Figs. 7a to 7h show results of X-gal staining of
the infected cell |ine, U343, UL18M5 U251IN, UB7M5 CHO KI, Lec2, MCF-7,
and Pro 5w023/0emspectively. As apparent in Figs. 7a to 7bpCrheroeops3essi on
| evel of LacZ gene was 31 WD 03/029448 PCT/ KR02/01831 found to be
increased in all tested cell lines, indicating that the d1324-LacZ-VSVG
adenovirus had i nproved infection efficiency. In particular, the high
expression of LacZ was found in the CHO- K1, MCF-7, Pro 5 and Lec 2 cell

| i nes, which expressed the native receptor CAR of adenovirus at a | ow

| evel and thus were not easily infected 5 with w|d-type adenovi rus,

i ndi cating that In%@asadimaéékﬂgvg; ﬁ@h@ﬁthm@cpmbmnéadenpﬁwu%é( GlsAdn a
CAR- i ndependent manner, through bindin hat i d serine

hi ghl y- exaf%‘ége\aa&)mé@gﬁte#émawa)Pelghms@i& ﬁnljépbf @2, Byped348hus

r emar kabl easi ng gen ransfer efficiency to cell |ines, |ncreasing
of the geﬁl—f énéf%ﬁ’l fend MéFC} byh¢ (FarGiRRIpR ﬁﬁﬁalﬂlleénwéqe mfsptsd @ithy theepi t ope

e e R R L e

R @Vnﬁﬁ@f/@g%gm&;ﬁ%“' il SRS R

ce |ne ro 5,

52526(3? catiyer {Bia0Re; Tk Borihe ik B o RIRISH Bl ﬁhﬁﬁﬁéif@sc%uiﬁ%%a
f

ef 11 ot ency MR i 5%’*‘@%@?*@%@@%?&29. PRS2 A Blal LRGBS

i ncreased %%ﬁmﬂ%f& 19551%5111%{ gﬁ@ %hotogéa}ggfbﬁf @thﬁga ce ivéMd  50)

and ProS ( I nes, also re y 1 ncrease Tnfect| on

effici encwl%éﬂ 9:0t19h, CPlgk. ba @@S)h E&pﬁﬁd@%& s Eﬁb%vﬁé?tﬁélréﬁﬁzot\/&{ﬁ@s@&mV' rus
showed CAR 20 i ndependent i nfection e cell Ilines, 1, MCF-7, ProS

and 1Lec2, hlyeR fof ¥BleREmRE edBaguSRiorapedifé KiRAE 6D rbeTcmhdvngeon
adenovirus at a low |l evel, which was higher than that of the d1324-LacZ

adenovir ua&aw@wdﬂagcﬁs&eenm@m&méné B8TMG cells, Hepl cells, U251-N cells, HepG2

cells, and MCF-7 cells, respectively, in which lane 1 shows infection with d1324/LacZ,

lane 2 shows infection with YKL-1, and lane 3 shows infection with YCI-Ad-VSVG.

As shown in Figs. 9a to 9h, YCI-Ad-VSVG was found to have a tumor cell-killing

15 effect about 100 times higher than that of YKL-1 in Hep3B and U343 cells, and about

10 times higher in other carcinoma cell lines.
These results indicated that in all tested carcinoma cell lines, the recombinant

adenovirus YCI-Ad-VSVG had significantly increased oncolytic activity by the

incorporation of a VSV-G epitope, in comparison with the control YKL-1.
20 EXAMPLE 6: MTT assay for tumor cell-killing effect of YCI-Ad-VSVG

To analyze quantitatively the tumor cell-killing effect of YCI-Ad-VSVG, after
infecting various tumor cells with the replication-deficient adenovirus d1324-LacZ, the
replication-competent adenovirus YKL-1, and the replication-competent adenovirus

YCI-Ad-VSVG with a VSV-G epitope attached, cell viability of the infected cells was
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Al so, expression |evels of the LacZ gene increased with the MJ of

reconbi nant adenovirus, indicating that the dl 324-LacZ-VSVG adenovi rus had
si gni fi cawDlog/0293%8 i ncreased transduction efficiency. EXAMPCEEKR02AsSSay f or
tunor cell-killing effect of YCl-Ad-VSVG 32 WO 03/029448 PCT/ KR02/ 01831

I ncreased Tunor-cell killing effect of the reconbi nant adenovirus YCl-Ad
VSVG was investigated in carcinonma cell lines, Hep3B, Hepl, Hep&X, C33A,
U343, UB7M5 U251-N and MCF-7. The carcinoma cell lines were infected with
the repl imeasiusd-byhbblpessent Bigen andid4 arapesnitnof/MKessey fahthevimmard - VSVG
at 10, 1 5 or 0.1 MJ, and cell viability was assessed. Their killing

ef fect wadrarivmer el diapy Y25 LinaéU343nraspetivelye mfrgied Mathrsnadenoving attshe
cells infected with a rgy one of the virus at an MJ of 0.1 exhibited

conpl et e dBYItipligidy &f i @qu%l @ﬁol)wéf DIEigel niy @rqSHMfMETﬁéWm the fyinsap
crystal violet in 50% raphs, of .the | s are given
in’ Figs. SATIERCgHer eslplin %31 ool s Rt Sh PR Gnares Kol Cof
cell lesion SISf erm ning i ncrea cif illing
effect of T g ﬁﬁﬂ‘@(/@séﬁlﬁ £} E“‘B%‘? (bgea t%%‘%&%&@?gne b%% 73@1? d%é‘l\@ cells,
Hepl cells,, U251- Ntﬁﬁé@ HepGZ cells, and MCF-7 cells, respectl vely, in
whi ch | andIFIQHHRE Lon with dl 324/ LacZ, lane 2 shows infection with

Yo o, Y0 - Ad- VALY Jf 58 o Ph el it e e i qﬁgﬁ}eﬂ?%@f’gzbout
100 tines 1HE&H§5te{ﬁE§d%nB¢;m}s Qb2 @ac% Lsidn ég%ﬂg$c§1ﬂgoluﬁé Ieh Qiehﬁl WQ&“?OI%QO‘“

ti mes higher carci nona ce hese tesults Indicated that i n

al | test eqyCay, ﬁ’F&‘)%eﬁ gL g dhf&:@ﬁsd Wi tﬁee&gﬁpatfaﬁr&omp%%@g&émﬁux&lmﬂ VSVG

had significantly’increas oncolytic activity by the incorporation of a
VSV- {3 epi t ey Cl-AdePsVa! b8P viabiliylof (he iffREkd Qlmofidetld wad QrdatAii kddubed BIT T

assay for tunor cell-killing effect of YC -Ad-VSVG To anal yze

quant i t at i Wedl rél¥Bratibiicréasd wikhlthd pahsgdel atmef PéthicubadtyyS¥€ausabs Biving
high infection efficiency due to the incorporation of a VSV-G epitope into the carboxy
terminus of the fiber, the recombinant adenovirus YCI-Ad-VSVG was found to have

much higher oncolytic activity than YKL-1.
15 EXAMPLE 7: Testing of antitumor effect of YCI-Ad-VSVG in a nude mouse model

In vivo assay for measuring antitumor effect of the recombinant adenovirus

YCI-Ad-VSVG was performed using nude mice. Human hepatoma cell line Hep3B
(HB-8044, ATCC, USA), human brain cancer cell line U343, or human brain cancer

cell line U87MG (HTB-14, ATCC, USA) was subcutaneously injected to nude mice 5-

20 6 weeks old (Charles River Japan Inc., Japan). When tumor size reached 5x5 mm, the
recombinant adenovirus YCI-Ad-VSVG at a concentration of 5x10° pfu/50 ul, which
dialyzed with PBS after being recovered by ultracentrifugation, was injected to the

tumors. The size of tumor was measured using calipers once every 2-3 days, and the

results are given in Figs. 17 to 19.
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infecting various tunor cells with the replication-deficient adenovirus
d1324-LacZ, the replication-conpetent adenovirus YKL-1, and the

repl i cat iwo-0s0zgaet ent adenovirus YCl -Ad-VSVG with a VSV- BCEKRQOE831
attached, cell viability of the infected cells was 33 WO 03/029448

PCT/ KR02/ 01831 neasured by MIT assay. Figs. 13 and 14 are results of MIT
assay for the human brain tunor cell |ines U251 and U343, respectively,
infected with an adenovirus at a multiplicity of infection (MJ) of 5,
Fig. 15 is a redulshowh ilVFiEsabbtyl S, dn atchetrdlugrawp reowviairigaonly EBSe tunpal sizel i ne
HeLa infected with an adenovirus at 10 MJ, and Fig. 16 is a 5 result of
MIT assay Wasrintigaseduwigin ther prssage oditone. del doniragieinMpre7injenfed cwidtl thei YeT-an
adenovirus at 100 MO . As apparent in Figs. 13 to 16, when being infected
with the rApMSOEE i glenovirsorparoengrosdenyes rsignificeatly- inhéuiteds alnnegditione
control, no cell death was found. |In contrast, when bei ng infected with

the repli dRbibBiONyBpLErOWEY Biadolse se@sinyrice infeged Hathyae Vadenovis,

i abili f the inf d | d db i |
L ol1 b LA EREATet B R LoV iblesst Bep i ohg CAd- VR A 1. because of
havi hi gh i i f.fi.ci he i i VSVY- G
eg;/!t (r)]ge i In'? 0 ![ Eé‘ﬁ%%‘rr%?&{; ln‘lihg?tgiq%stﬂg?‘?‘{oﬁ@tl%%[)é e%%%ﬁ'gsr %&%&fﬁéﬁ% L d¥nhovi r us
15 ExanpLtoroscatin it o eRiifen Mol GREE PIGR) YSiieh g batisbaof (act L &

dol . . ’ vV .

Moanovi 1 usot VeI RREPHG olTEBRUN ko AR dhRlent rffon Ao BREVEGEOTRBAN |
o Vera - ‘ . . .
humen oy oiincdrBi o A CavokP By A TR IR (fRNRRIGE e LCIARETo o
| nj ecyed toeRudRsT EfteruaR @%ﬁ@ﬁé&b@ ds5on Bt Migh efifidibyl nC. . Japan).

When tunor size reached 5x‘§ reconbl nant adenovi rus”YCl - Ad- VSVG at
a concentration of 5x108 pfu/50 |, which dialyzed with PBS after being
recovered by ultracentrifugation, was injected to the

EXAMPLE 8: Assay for viral titer of YCI-Ad-VSVG

293 cells were infected with 10 MOI of each of the replication-incompetent
adenovirus di324-LacZ and the adenovirus d1324-LacZ-VSVG with a VSV-G epitope

attached. 24, 48 and 72 hrs after infection, cell pellets and supernatants were

15 collected, and viral titer was then measured. The results are given in Table 1, below,
and Fig. 20.
TABLE 1
Incubation time after infection | Viral titer of d1324/LacZ | Viral titer of d1324/LacZ/VSVG
24 16,000,000 20,000,000
48 200,000,000 399,000,000
72 320,000,000 502,000,000

As apparent in Table 1 and Fig. 20, the dI324-LacZ-VSVG adenovirus

produced viral particles in high titer due to its increased infection efficiency.
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tunors. The size of tunor was neasured using calipers once every 2-3 days,
and the results are given in Figs. 17 to 19. 34 WO 03/029448

PCT/ KRO2/W08302944& shown in Figs. 17 to 19, in a control @CORRZACSIVI Ng
only PBS, tunor size was increased with the passage of tinme. In contrast,
in mce injected wwth the YCl - Ad-VSVG adenovirus, tunor growth was
significantly inhibited. In addition, inhibition of tunor growth was al so
seen in mce infected with the YKL-1 adenovirus, 5 but antitunor efficacy
of YKL-1 was | opeadditian) tohiavestigatéGhe Ader¥BuG virkhéisee afeSGI-sl-VAVIG; drant hat

t he reconbi nant adenovirus YCl - Ad-VSVG of the present invention had

excel | ent camver talhiime ©25 B was mfected witBulKhVKIL gifi eaght ofi theroeplishtioreeaypetestt
YCl-Ad-VSVG is attributed to CAR-independent infection via the VSV-G

epi tope hdomviposeat Bl ilntnd YEEAAYBY Gy ©24rhwi #br aid Thbr pfigrapfectipycenabl i ng
the YCl - Ad-VSVG 10 adenovirus to enter tunor cells with | ow CAR expression
at hi gh epeiles enbsupemsantswerg colleated; and virgljtiten was thep mepsuped. . Aheyeiisoo3
cells were infected with 10 MJ _of each of the replication-inconpetent
adendvi r usregzizemin gble hbglonenddighadi rus d1324- LacZ-VSVG with a VSV-G
epitope attached. 24, 48 and 72 hrs after infection, cell pellets and
supernatants were 15 collected, and viral titer was then neasured. The
results are given in Table 1, bel ow, WZH g. 20. TABLE 1 Incubation tinme
after infection Viral titer of d132} acZ Viral titer of d1324/LacZz/ VSVG
24 16, 000, 000 20, 000, 000 48 200, 000, 000 399, 000,000 72 320, 000, 000

502, 000, 000 A$ TrRppRadeik aftd infaking Virabid oF YKIL-1 P Uiralttike of I3 M-NSYE7- VSVG
adenovi rus produced viral particlles inoohoeh titer dued080¢ts |ncreased
infection efficiency. 48 20,000,000 25,200,000
72 25,200,000 39,900,000

As apparent in Table 2 and Fig. 21, the YCI-Ad-VSVG adenovirus with a
VSV-G epitope incorporated into the carboxy terminus of the fiber showed higher virus

yields than the YKL-1 adenovirus with a native fiber protein.

10 INDUSTRIAL APPLICABILITY

As described hereinbefore, the present invention provides a recombinant
adenovirus prepared by introducing a part of a ligand responsible vesicular stomatitis
virus (VSV) entry into adenovirus, which has improved therapeutic efficiency, and a
pharmaceutical composition comprising such a recombinant adenovirus.

15 In accordance with the present invention, through the incorporation of a
VSV-G epitope into the carboxy terminus of the fiber, the recombinant adenovirus
according to the present invention has increased infection efficiency, especially for
cells not infected easily with wild-type adenovirus, thus enhancing its transduction
efficiency and generation of viral particles in the infected cells. In addition, such

20 high infection efficiency allows the recombinant adenovirus to be administered at a
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35 WD 03/029448 PCT/ KR02/01831 1In addition, to investigate the increased
viral titer of YCl-Ad-VSVG brain cancer cell line U25 1IN was infected with
10 MO ofweach2uafis t he replicati on-conpetent adenoviruses PERKIKRO2a831

YCl - Ad-VSVG. 24 hr, 48 hr and 72 hr after infection, cell pellets and
supernatants were collected, and viral titer was then neasured. The results
5 are given in Table 2, below, and Fig. 21. TABLE 2 Incubation tine after
infection Viral titer of YKL-1 Viral titer of YC -Ad-VSVG 24 12,600, 000
15, 900, 00Qywef @mdnf) Ar&BOmATGn2HiAg GOhos? Audbra? @Ad @6Iul30iMRndA8pdse appar ent
in Table 2 and Fig. 21, the YCl -Ad-VSVG adenovirus with a VSV-G epitope

i ncor por aviesl prteind hadceirdoinfediet bl sasofvetlhas thdepmbimmiod themherwidh r us
yields than the YKL- 1 adenovirus with a native fiber protein. 10

| NDUSTRI AtadiiRirhSARIr L ¢FEYhAkerdps ¢ thivls elbig rusefub efoo rdevelopmept @f ergtw igevent i on
provides a reconbi nant adenovirus prepared by introducing a part of a

| i gand r epoapsistiapable of makanizeeshemapeuts effeck us (VSV) entry into adenovirus,
whi ch has inproved therapeutic efficiency, and a pharmaceuti cal
conposition conprising such a reconbi nant adenovirus. 15 In accordance with
the present invention, through the incorporation of a VSV-G epitope into
the carboxy term nus of the fiber, the reconbi nant adenovirus according to
the present invention has increased infection efficiency, especially for
cells not infected easily with wild-type adenovirus, thus enhancing its
transduction efficiency and generation of viral particles in the infected
cells. In addition, such 20 high infection efficiency allows the

reconbi nant adenovirus to be adm nistered at a 36
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WO 03/ 029448 PCT/ KRO2/01831 | ower amount, thereby mnimzing the host
hunoral and cellul ar i mmune response to viral proteins and viral infected
cells, aswaeBlo2egs t he conbi nati on therapy with radi ot her py/KR02/01831
chenot her apy, thus being useful for devel opnent of new gene therapies
capabl e of maxim zing therapeutic effect. 5 37 WD 03/029448 PCT/ KR02/ 01831
DEPCSI TED M CROORGANI SM OR OTHER BI OLOG CAL MATERI AL (PCT Rule 13bis) A
The indications made below relate to the deposited m croorgani smor other
bi ol ogi cal material referred td)EiP?FITQHéf‘ICIH’8§€‘1'I‘iI%{| on on page 24, line 15-25
B. | DENTI FI CATI ON OF DEPOSI T Swéitheeiofeses varaihe on an additi onal sheet
Name of depositary institution Korean Culture Center of

M croor gani snms( KCCM) Address of deposi tar%/ i nsti tutl on(i ncl udi ngpostal code
and count r\/\ 361_ 22_1_ V||r - DI F\ meuh 3pis) rlnnﬂ1 Qo

odae
\quuacnuu Uu, (& W W

120- 091, R@pﬂbinh&ituﬂ; mMeB\a remﬁﬁhmepo&&pﬂﬁdofganﬁﬁ GESIB} Bélogidu mhen reeddd O (002

KCCM 10424 4Geri\n PAgE¥Ake 15Dl CATI ONS( knmvbh zki f not gpd uM This infornation
is continued on an additional sheet ~» D DESIGNATED STATES FCOR VWHI CH
| NDI CATI ONg. Iﬁ;BEmIid%BE»(Oantmkﬁsbnl i cat | onﬁaneeu@blfs@ﬁaiah ﬁiﬁﬁéngmit@dst at es)

E. SEPARATL ESHINC s e k he
i ndi cati ons 'Tl sted‘%ei ow will be submtted to the |International BureaTu
n

| at er ( speq |Kf0r¥anEmﬁregmﬂf@ﬁmm%s@(&m the indications e.q., "Accessio

Nu ”befl of ERRASH ok Mokt e pBiledd ik&mFg € ONty For T nrernational Bur eau
use only

361-221, Yurim B/D, Hongje-1-dong, Seodaemun-gu,

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number
14/09/2002 KCCM 10424

C.ADDITIONAL INDICATIONS (lanebarikifnotappiicably  This information is continued on an additional sheet O

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(f the indications are notfor all designated States)

E.SEPARATE FURNISHING OF INDICATIONS(feave blank if not applicable)

The indications listed below will be submitted to the International Bureau later(specify the general nature of the

indications e.q., “Accession Number of Deposit”)

For receiving Office use only For international Bureau use only
1 This sheet was received with the international [0 This sheet was received by the International Bureau
application on:
Authorized officer Authorized officer

Form PCT/RO/134(July 1998)

38



A This sheet was received with the international ~ This sheet was received
by the International Bureau application on: Authorized officer Authorized
of fi cer POMBROIARO 134(July 1998) 38 WO 03/ 029448 PCT/ KRPZIKR301831

| NDI CATI ONS RELATI NG TO DEPCSI TED M CROORGANI SM OR OTHER BI OLOG CAL

MATERI AL (PCT Rule 13bis A The indications made below relate to the
deposited m croorgani smor other biological mterial referred to in the
description on page 26, line 1-10 B. | DENTIFI CATI ON OF DEPCSI T Furt her
deposits are on an addiNDIFEINS BHABNG TO NRAPTRXMIGROAFSANIEM Y | nstituti on Korean
Cul ture Center of M croorgani IekisGEMocisdnassrf depositary
institution(including postal code and country) 361-221, Yurim B/ D,

Hongj e- I-dong, Seodaemm gu, SEClJL 120- 091, Republic of Korea Date of

depos| t Access OOECT Rty iRhish 04 ADD ONA CA O\IS((

| dr nkg\ nd )Y ’IdeIkHon% rllaﬁbfbggm&tk Qﬁhe'dﬁmsﬁe@ mﬁcl‘olﬂ%ﬁn Qﬂ)th@rrbloﬁﬁidl xﬁdteﬂﬂ@ekerr&lheﬂtthe
D. DESI GNAT &l ipadA g 266 1MHI CH | NDI CATI ONS ARE

MADE(i ft hei ndi cati onsarenotforal!designatedStates) E _SEPARATE FURN $HI NG
OF | NDI CATi; mﬁfﬂFﬁﬁVﬁNl@k‘ﬁﬁﬂbsﬁf not apmuitlﬁﬁi&{oﬁt)arJdﬂQnddHlﬁi)hﬂﬂEetEDnS | i st ed|bel ow

A 1 L P Lot orflenani
will be su tted tothetnternrational—Bureau—tater \apculy the cretret al

f deposil insfitution " "
nat ure of ﬁﬁ"eo PSS e q., "Accession Nunber of Deposit") For

recei ving| X i Eaﬁ{ur%'ée(ﬁte.Q,%Mrofgﬁlsnls&E&ﬁ)nat ional Bureau use only " This sheet
Was recei Néboﬁté}ﬁnéﬁfﬂhoﬁdﬂk’ﬂdn}gb‘bﬂﬂkodeandU)MltB}) stieet—was Tecer ved by the
I nternati pnal  Bureau applicatron on:

361-221, Yurim B/D, Hongje-1-dong, Seodaemun-gu,

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number

14/09/2002 KCCM 10425

C.ADDITIONAL INDICATIONS (lanebladifnotqpfcably This information is continued on an additional sheet [

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(f the indications are not for all designated States)

E.SEPARATE FURNISHING OF INDICATIONS(leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later(specify the general nature of the

indications e.q., “Accession Number of Deposit”)

For receiving Office use only For international Bureau use only
0 This sheet was received with the international [0 This sheet was received by the International Bureau
application on:
Authorized officer Authorized officer

Form PCT/RO/134(July 1998)

39



Aut hori zed officer Authorized officer Form PCT/ RO 134(July 1998) 39 WO

03/ 029448 PCT/ KR02/ 01831 | NDI CATI ONS RELATI NG TO DEPGCSI TED M CROORGANI SM
OR OTHER BDOBOEH4@AL MATERI AL (PCT Rule 13bis A The indi eatikre/onsde bel ow
relate to the deposited m croorgani smor other biological material referred
to in the description on page 29, line 1-10 B. | DENTI FI CATI ON OF DEPCSI T
Further deposits are on an additional sheet™ Nane of depositary
institution Korean Culture Center of M croorgani sns( KCCM Address of
depositary instituti onfNPIgaTIONN REBTE TRIDERQSHIED MHROOBEHYTY/) 361-221, Yurim

B/ D, Hongj e-|-dong, Seodaemungguse SiPobicke xR, Republic of Korea Date of
deposit Accession Nunber 14/09/2002 KCCM 10423 C. ADDI TI ONAL

| NDI CATI ONS(/ ewhlvi k f1qT&* This information is continued on an additi onal
sheet A~ D_DESI GNATED STATES EOR WECERueiXD CATLONS ARE———

MADE( i t hgi gl GatdQD SRk SARLDAS @lnl BFSicDhibbREmndd 0Gdr viobuicIRRARA i WRNLEH NG OF
| NDI CATI ONRldpaYiEpadebstits 1-4f NOt applicable) The indications listed below
will be gubmtted to the International Bureau |ater(specify the geneyal

nat ure of| & RenTiBh6Rbk SHRSsI®. 0. , " ACSaM&IIQRiNEIDAR@bnRpasi t ") For

receivi ngﬁ%wwmwwwmwet
was recei VBB WPHPHE IRt er national ~ This sheet was received by the
! y

I nternati %g!ﬂﬁfl;wqrgp%gj)orgg&k&%wgn: Aut hori zed officer Authorized
i or-m Y P W Ya Yo R
of i cer R P iy et itindluathg pohitd code and country)

361-221, Yurim B/D, Hongje-1-dong, Seodaemun-gu,

SEOUL 120-091, Republic of Korea

Date of deposit Accession Number
14/09/2002 KCCM 10423

C.ADDITIONAL INDICATIONS (anebiwikifntapiicoble) This information is continued on an additional sheet []

D.DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(if the indications are not, t for all designated States)

E.SEPARATE FURNISHING OF INDICATIONS(leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later(specify the general nature of the

indications e.q., “Accession Number of Deposit”)

For receiving Office use only For international Bureau use only
O This sheet was received with the international [ This sheet was received by the International Bureau
application on:
Authorized officer Authorized officer

Form PCT/RO/134(July 1998)

40



5 40 WD 03/029448 PCT/ KR02/01831 WHAT IS CLAIMED IS: 1. A reconbi nant
adenovirus conprising a protein containing a VSV-G epitope derived from
vesi cul arwetoafoed4ug i s virus, which is prepared by introduciPeg/IcR0183%
protein into an adenovirus. 2. The reconbi nant adenovirus as set forth in
claim1l1, wherein the adenovirus retains an ability to replicate. 3. The
reconbi nant adenovirus as set forth in claiml, wherein the adenovirus is
replication-inconpetent and contains one or nore therapeutic genes. 10 4.
The reconbi nant adenovirus as set forth in claim1, wherein the adenovirus
i s El B- 55VkERT d8|(eAMER B: 19 kDa- del eted, or E1B-19 kDa/ E1B-55

kDa-del eted. 5. The reconbi nant adenovirus as set forth in claiml1l, wherein
the VSV-G epitope is linked to an adenovirus fiber protein. 15 6. The

reconbi nant adenovi r ug anitftant Qiddvirtls 6dAbiRiNy a PRR&IRIcAntalifing 8AEIWG I Us
fiber protein is a knob region. 7. The reconbi hant adenovirus as set forth

in claim {p'to&@ %&g{réa £58 veaRERPViomasitit ivies, wiiiek id preparttl blydapoduegigosaid pent on
base, or Ille carboxy term nus of the fiber protein. 41 WO 03/029448

PCT/g(ROZ/ﬁg,@%;Lim@an ddwotegonbi nant adenovirus as set forth in claim1,
wherein tthe VSV-G epitope has an ami no acid sequence given in SEQ I D NO
3. 9. The reconbi nant adenovirus as set forth in claiml1l, wherein a |inker
is inserted between the adenovirus fiber and the VSV-G epitope. .

2. The recombinant adenovirus as set forth in claim 1, wherein the

adenovirus retains an ability to replicate.

3. The recombinant adenovirus as set forth in claim 1, wherein the

adenovirus is replication-incompetent and contains one or more therapeutic genes.

10 4. The recombinant adenovirus as set forth in claim 1, wherein the

adenovirus is E1B-55 kDa-deleted, E1B-19 kDa-deleted, or E1B-19 kDa/E1B-55

kDa-deleted.

5. The recombinant adenovirus as set forth in claim 1, wherein the

VSV-G epitope is linked to an adenovirus fiber protein.

15 6. The recombinant adenovirus as set forth in claim 5, wherein the

adenovirus fiber protein is a knob region.

7. The recombinant adenovirus as set forth in claim 6, wherein the
adenovirus fiber knob is a HI loop region, penton base, or the carboxy terminus of the

fiber protein.
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5 10. The reconbi nant adenovirus as set forth in claim9, wherein the
| i nker consists of 5 to 15 am no aci ds.

set forthwpr3obeisn 10, wherein the amno acid is glycinePcl/KRoa0183¢.
The reconbi nant adenovirus as set forth in claim1, wherein the 10

reconbi nant adenovirus is YCl-Ad-VSVG 13. A pharmaceuti cal

conprisin
adenoviru

t her apeut
adenoviru

into an

accept ab
claim 13,
t her apeut
adenoviru
vesi cul ar
i nto &an

genes; an
phar maceu

reconbi nant adenovirus contains a VSV-G epitope derived from vesicul ar

stomatiti
phar maceu

10

15

20

g: (a) a therapeutically effective anount of a reconbi nant

11. The reconbi nant adenovi rus as

12.

conposition

S conprising a protein containing a VSV- G epitope derived from
vesi cul ar stomaBjtis Wheuscombinaht hdenorzpanedeforinin othidi hgwhéein fireot ei n
into an adenovirus; and (b) a pharmaceutically acceptable carrier. 15 14.
The phar ned$VitG epitopedmp as iatimnads ssgptentogiven imSEQADMND33. conpri si ng:

(a) a

ically effective anount of a replication-conpetent reconbinant
S conprising a protein containing a VSV-G epitope derived from
vesi cular stomatitis virus, which is prepared by introducing the protein
adenovPrus cdieatennmhjnant agenovirugapest farthl it plpina 1p wherpie e linkeral | y
e carrier. 20 15. The pharmaceutical conposition as set forth in

is iypexpgd bivestheadpromirRdibep agbthe \ooYnst eritapg: (a) a

ically effective anount of a replication-inconpetent reconbinant
S conprising a protein containing a VSV-G epitope derived from

stomatitis g[l
E1A- del'Bt ed

.(b) a . r euticall]y acceptable carrier. 16. The
ﬂ?rl(ﬁ% C%h%%&?ﬁogﬁc%mg@tm brth in claim13, wherein the
s virus linked to an adenovirus fiber protein. 10 17. The

tical 9?.np05i1tﬂeoﬁcglﬁbﬁlﬁﬁt 1;1<‘Perntooi1'11§1 af k& B h3in Ahe q'()f‘ wherein the

amino acid is glycine or alanine.

12. The recombinant adenovirus as set forth in claim 1, wherein the

recombinant adenovirus is YCI-Ad-VSVG.

13. A pharmaceutical composition comprising: (a) a therapeutically
effective amount of a recombinant adenovirus comprising a protein containing a VSV-
G epitope derived from vesicular stomatitis virus, which is prepared by introducing the

protein into an adenovirus; and (b) a pharmaceutically acceptable carrier.

14. The pharmaceutical composition as set forth in claim 13,
comprising: (a) a therapeutically effective amount of a replication-competent
recombinant adenovirus comprising a protein containing a VSV-G epitope derived
from vesicular stomatitis virus, which is prepared by introducing the protein into an

adenovirus containing an E1A gene; and (b) a pharmaceutically acceptable carrier.

15. The pharmaceutical composition as set forth in claim 13,
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t he reconbi nant adenovirus is YCl -Ad-VSVG 18. A reconbinant plasmd
expressing the reconbi nant adenovirus of claim1. 19. A host cell
t ransf or nwo osm2u4n@nsf ected with the reconbi nant plasmd PETERoI0883M 18. 43

comprising: (a) a therapeutically effective amount of a replication-incompetent
recombinant adenovirus comprising a protein containing a VSV-G epitope derived
from vesicular stomatitis virus, which is prepared by introducing the protein into an
E1A-deleted or mutated adenovirus, and one or more therapeutic genes; and (b) a

5 pharmaceutically acceptable carrier.
16. The pharmaceutical composition as set forth in claim 13, wherein
the recombinant adenovirus contains a VSV-G epitope derived from vesicular

stomatitis virus linked to an adenovirus fiber protein.

10 17. The pharmaceutical composition as set forth in claim 13, wherein

the recombinant adenovirus is YCI-Ad-VSVG.

18. A recombinant plasmid expressing the recombinant adenovirus of

claim 1.

19. A host cell transformed or transfected with the recombinant plasmid

15 of claim 18.
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